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(54) Data transmission and reception apparatus 

(57) A data transnnission apparatus for sequentially 
transmitting data in units of packets each containing 
transmission data to the receiving end, comprises: a 
reception unit for receiving the transmission data as an 
input signal; a packet formation unit for receiving the 
transmission data received, and forming an uncom- 
pressed packet in which predetermined transmission 
data is stored as uncompressed data, and a com- 
pressed packet in which at least a portion of transmis- 
sion data that follows the predetermined transmission 
data is compressed and stored as compressed data; a 
reference information management unit for holding and 
managing, as reference information, information relat- 
ing to the uncompressed packet fomned by the packet 
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fomnation unit; and a transmission unit for transmitting 
the respective packets fonmed by the packet formation 
unit, as a transmission signal, to the receiving end. The 
packet formation unit forms compressed data to be 
stored in a compressed packet, on the basis of the 
transmission data of the uncompressed packet and the 
reference information stored in the reference informa- 
tion management unit. Therefore, the number of pack- 
ets to be discarded at the receiving end due to an error 
which has occurred in the radio section is reduced, 
whereby the quality of data transmitted in the transmis- 
sion path including the radio section is improved. 



Ir 



Pa' 



compression/ 
unconnpresslon 
Identifier 


Packet 
identifier 
(ID) 


other 
header 
Information 




transmission data 






header section Hpa 




<, 

data section Dp^ 





0. 

LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP1 081 910 A2 



Description 

FIELD OF THE INVENTION 

[0001 ] The present invention relates to a data trans- 
mission method, a data transmission apparatus, and a 
data reception apparatus. More particularly, the inven- 
tion relates to packet-by-packet data transmission 
among plural data processing apparatuses, in which 
data con-esponding to predetermined packets are com- 
pressed at the transmitting end, and the compressed 
data corresponding to these packets are restored at the 
receiving end. 

BACKGROUND OF THE INVENTION 

[0002] As representative transmission protocols for 
transmitting data on the Internet, TCP/IP (Transmission 
Control Protocol/Internet Protocol) and UDP/IP (User 
Datagram Protocol/Internet Protocol) are currently 
used. 

[0003] However, when transmitting data in packet 
units by utilizing these transmission protocols through 
transmission paths having low - medium bit rates 
(9600bps-64Kbps), each packet includes headers cor- 
responding to the respective transmission protocols 
(i.e., TCP, UDP, and IP), and these headers result in 
communication overhead, that is, the data quantity in 
the header section of the packet becomes significantly 
larger than the data quantity in the data section. 
[0004] For example, when transmitting 1 0-byte data 
by UDP/IP, although the size of the data section of an 
UDP/IP packet used for this transmission is only 10 
bytes, the total size of the UDP/IP packet becomes 38 
bytes. In other words, the total size of the UDP/IP packet 
is about four times as large as the quantity of data which 
is actually transmitted. When such communication over- 
head occurs frequently, the effective transmission rate 
of data in the transmission path is significantly reduced. 
[0005] As a method for reducing communication 
overhead due to use of plural transmission protocols, a 
header compression method proposed by V.Jacobson, 
which is defined in RFC (Request For Comments) 1 144 
and RFC 2508, is currently used. 
[0006] Hereinafter, this header compression 
method will be described. 

[0007] Rgure 28(a) illustrates a data transmission 
system Csl to which the VJacobson's header compres- 
sion method is applied, 

[0008] in the data transmission system Cs1 , a gate- 
way server Sga is connected to the Internet In, and a 
terminal equipment Teq such as a personal computer is 
connected to the gateway server Sga through a cable 
line such as a modem, ISDN (Integrated Service Digital 
Network), or LAN (Local Area Network). The temiinal 
equipment Teq and the gateway server Sga are directly 
connected through the cable line by point-to-point con- 
nection. On the transmission path between the terminal 



equipment Teg and the gateway server Sga, packets 
which have been subjected to data compression by the 
VJacobson's header compression method are transmit- 
ted by a transmission protocol such as PPP (Point to 

5 Point Protocol). 

[0009] In the data transmission system Csl , when 
data is transmitted from the gateway server Sga to the 
temninal equipment Teq, the gateway server Sga serves 
as a transmitter while the terminal equipment Teq 

10 serves as a receiver. On the contrary, when data is 
transmitted from the temninal equipment Teq to the 
gateway server Sg, the gateway server serves as a 
receiver while the terminal equipment Teq serves as a 
transmitter. 

15 [0010] Hereinafter, a brief description will be given 
of data transmission using packets in the above- 
described data transmission system Cs1 . 
[0011] Rgure 28(b) illustrates processes required 
for data transmission in the data transmission system 

20 Csl, corresponding to a plurality of layers in hierarchy. 
Figures 29(a)~29(e) illustrate data structures of packets 
to be generated by the processes corresponding to the 
respective layers. 

[0012] Rgure 28(b) shows the case where data is 

25 transmitted from a server (transmitter) Sin on the Inter- 
net In through a gateway server (relay unit) Sga to a ter- 
minal equipment (receiver) Teq (refer to data flow Df). 
[0013] Data stored in the transmitter Sin is sub- 
jected to the process of the first layer (application layer) 

30 Lsl, followed by the process of the second layer Ls2. 
Thereby, an RTP packet Prtp con-esponding to RTP 
(Realtime Transport Protocol) is generated. This RTP 
packet is composed of an RTP header Hrtp containing 
header information and an RTP payload (data section) 

35 Drtp containing the above-described data. The infomna- 
tion in the RTP header Hrtp is composed of a sequence 
number Isn which increments by 1 every time one 
packet is transmitted, a time stamp Its which is used for 
processing at the data receiving end, and other header 

40 infomnation !th (refer to figure 29(a)). The size of the 
RTP header Hrtp is generally 12 bytes, and 2 bytes are 
assigned to the sequence number Isn and 4 bytes are 
assigned to the time stamp Its. 

[001 4] Next, the RTP packet Prtp is subjected to the 
45 process of the third layer Ls3, whereby an UDP packet 
corresponding to UDP (User Datagram Protocol) is gen- 
erated. This UDP packet Pudp is composed of an UDP 
header Hudp containing header information, and a data 
section Dudp containing the RTP packet Prtp (refer to 
50 figure 29(b)). 

[0015] Subsequently, the UDP packet Pudp is sub- 
jected to the process of the fourth layer Ls4, whereby an 
IP packet Pip a corresponding to IP (Internet Protocol) is 
generated. This IP packet Pipa is composed of an IP 
55 header Hipa containing header information, and a data 
section Dip containing the UDP packet Pudp (refer to 
figure 29(c)). 

[0016] Then, the IP packet Pipa is sent to the gate- 
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way server Sga through the transmission path Cin, 
according to a predetermined transmission standard 
(e.g., Ethernet), by the process of the fifth layer Ls6. 
[0017] In the gateway server Sga, the IP packet 
Pipa transmitted from the server Sin on the Internet In is s 
received according to the predetermined transmission 
standard (e.g.. Ethernet) by the process of the lower 
layer Lin2 which corresponds to the process of the fifth 
layer Ls5 In the transmitter. The received IP packet Pipa 
Is separated into the header Hipa and the data section io 
Dip by the process of the upper layer Lin1 which corre- 
sponds to the process of the fourth layer Ls4 in the 
transmitter. Then, by the process of the upper layer 
Leq1 which corresponds to a predetermined layer in the 
receiver (in this case, the fourth layer Lr4), the sepa- is 
rated data section Dip is given a header section Hipb 
which Includes Information different from the informa- 
tion stored in the header section Hipa, thereby generat- 
ing an IP packet Pipb (refer to figure 29(d)). 
[001 8] Thereafter, the I P packet Pipb is subjected to 20 
the process of the lower layer Leq2 which corresponds 
to a predetemriined layer in the receiver (in this case, the 
fifth layer Lr5), whereby a PPP packet Pppp corre- 
sponding to PPP (Point to Point Protocol) is transmitted 
to the terminal equipment Teq through the cable line 25 
Ceq. This PPP packet Pppp is composed of a header 
section Hppp containing PPP header information Ippp 
and a CRC code Icrc for checking the received data, 
and a data section Dppp containing the IP packet Pipb 
(refer to figure 29(e)). 3o 
[0019] When the PPP packet Pppp is received by 
the terminal equipment Teq serving as a receiver, the 
PPP packet Pppp is separated into the header section 
Hppp and the data section Dppp, by the process of the 
fifth layer Lr5 which corresponds to the lower layer Leq2 35 
in the gateway server Sga. 

[0020] Next, the Ip packet Pipb stored in the PPP 
data section Dppp is separated into the IP header sec- 
tion Hipb and the IP data section Dip, by the process of 
the fourth layer Lr4 which is upper than the fifth layer 40 
Lr5. Subsequently, the UDP packet Pudp stored in the 
IP data section Dip is separated into the UDP header 
section Hudp and the UDP data section Dudp by the 
process of the third layer LrS which is upper than the 
fourth layer Lr4. Further, the RTP packet Prtp stored in 45 
the UDP data section Dudp is separated into the RTP 
header section Hrtp and the RTP data section Drtp, by 
the process of the second layer Lr2 which is upper than 
the third layer Lr3. 

[0021] Then, the data stored in the RTP pay load so 
(RTP data section) Drtp is subjected to the process of 
the first layer (application layer) Lrl . 
[0022] When data is transmitted from the terminal 
equipment Teq to the server Sin on the Internet, the ter- 
minal equipment Teq servers as a transmitter and the 55 
server Sin serves as a receiver. This case is reverse of 
the case where data is transmitted from the server Sin 
on the Internet through the gateway server Sga to the 
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terminal equipment Teq. That is, in the respective layers 
Lr2--Lr5 of the temninal equipment Teq, packets con-e- 
sponding to these layers are generated. In the gateway 
server Sga, the IP packet Pipb is extracted from the 
PPP packet Pppp supplied from the terminal equipment 
Teg, and this packet is converted to the IP packet Pipa 
to be sent to the server Sin on the Internet In on the 
basis of the Ethernet. In the server Sin, the IP packet 
Pipa is received by the process of the fifth layer Ls5, and 
the data stored in the RTP payload Drtp is taken out by 
the processes of the layers Ls4-Ls2 in the server Sin 
which correspond to the layers Lr2-'Lr4 In the terminal 
equipment Teq, and this data is subjected to the proc- 
ess of the application layer Lsl . 

[0023] In the above description, an UDP packet cor- 
responding to UDP is generated in the processes of the 
third layers Ls3 and LrS, but a TCP packet con-espond- 
ing to TCP (Transmission Control Protocol) may be gen- 
erated in the processes of the third layers. 
[0024] In the above-described data transmission 
system Csl, when transmitting data by PPP using the 
V.Jacobson's header compression method, two types of 
packets are used as the PPP packets Pppp to be trans- 
mitted by this protocol, as shown in figure 30. That is, 
one is a compressed packet Py in which data to be 
transmitted (hereinafter referred to as transmission 
data) stored in the data section is compressed (refer to 
figure 30(b)), and the other is an uncompressed packet 
Px in whbh transmission data stored In the data section 
is not compressed (refer to figure 30(a)). Figures 30(a) 
and 30(b) show only parts of these PPP packets, which 
are required for describing the V.Jacobson's header 
compression method. 

[0025] That is, the uncompressed packet Px is com- 
posed of a header section Hpx containing header infor- 
mation, and a data section Dpx containing transmission 
data (D) as uncompressed data Ir to be transmitted by 
PPP. The information in the header section Hpx is com- 
posed of a compression/uncompression identifier lh1 
which indicates whether the data in the data section 
Dpx is compressed or not, and other header information 
!h3. In the uncompressed packet Px, the identifier Ihl 
indicates "uncompressed". 

[0026] Further, the compressed packet Py is com- 
posed of a header section Hpy containing header infor- 
mation, and a data section Dpy containing difference 
data (AD) as compressed data Id to be transmitted by 
PPP. The information in the header section Hpy is com- 
posed of a compression/uncompression identifier Ihl 
which indicates whether the data stored in the data sec- 
tion Dpy is compressed or not, and other header infor- 
mation Ih3. In the compressed packet Py. the identifier 
Ihl indicates "compressed". 

[0027] The header information IhS includes the 
CRC code Icrc shown in figure 29(e). 
[0028] In the above-described process of transmit- 
ting the PPP packets using the V.Jacobson's header 
compression method, the uncompressed packet Px is 
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transmitted as the first PPP packet from the transmitting 
end to the receiving end and, thereafter, the com- 
pressed packet is transmitted as the subsequent 
PPP packet. 

[0029] In the data section Dpy of the compressed 5 
packet Py to be transmitted, difference data (AD) which 
is based on the transmission data (reference data) of a 
PPP packet which has been transmitted just before the 
compressed packet Py, is stored. To be specific, the dif- 
ference data (AD) is a difference between the transmts- io 
sion data to be transmitted by the compressed packet 
Py and the transmission data as the reference data. 
[0Q30] Rgure 31 is a diagram for conceptually 
explaining the PPP packet transmission process using 
the V Jacobson's header compression method. is 
[0031] In figure 31, transmission data (D1)-(D4) 
corresponding to the respective PPP packets are 
sequentially transmitted. 

[0032] Initially, an uncompressed packet Px(1) is 
transmitted as the first PPP packet from the transmitting 20 
end to the receiving end. In the data section Dpx of this 
uncompressed packet Px(1), transmission data (D1) is 
stored as uncompressed data Ir. 

[0033] Thereafter, compressed packets 
Py(2)~Py(4) are sequentially transmitted as PPP pack- 25 
ets from the transmitting end to the receiving end. In the 
data sections Dpy of these compressed packets Py(2), 
Py(3), and Py(4), difference data {D1-D2), (D2-D3), and 
(D3-D4) are stored as compressed data Id, respectively. 
[0034] The difference data (D1-D2) is a difference 30 
between the transmission data (D1 ) and (D2), the differ- 
ence data (D2-D3) is a difference between the transmis- 
sion data (D2) and (D3), and the difference data (D3- 
D4) is a difference between the transmission data (D3) 
and (D4). In this way, each compressed packet con- 35 
tains, as compressed data Id, difference data between 
the transmission data of this compressed packet and 
the transmission data of the packet which has been 
transmitted just before the compressed packet. 
[0035] This transmission of compressed packets is 40 
continued until a transmission error occurs. 
[0036] At the receiving end, the uncompressed 
packet Px(1) Is received as the first PPP packet and, 
thereafter, the compressed packets Py(2)~Py(4) are 
sequentially received as PPP packets. 45 
[0037] Then, the uncompressed packet Px(1) is 
processed according to PPP, whereby the transmission 
data (D1) stored in the data section Dpx is taken out. 
Further, the compressed packets Py(2), Py(3), and 
Py(4) are processed according to PPP, whereby the dif- so 
ference data (D1-D2), (D2-D3), and (D3-D4) stored in 
the data sections Dpy are taken out, and the transmis- 
sion data (D2), (D3), and (D4) corresponding to the 
respective compressed packets are restored by the 
V.Jacobson's header compression method. For exam- 55 
pie, the transmission data (D2) is restored by adding the 
difference data (D1 -D2) and the transmission data (D1), 
and the transmission data (D3) and (D4) are restored in 
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like manner. 

[0038] Next, a description will be given of the case 
where a transmission error occurs during the PPP 
transmission process using the V.Jacobson's header 
compression method. 

[0039] Rgure 32 illustrates exchange of data 
between the transmitting end and the receiving end 
when a transmission error occurs. 
[0040] When the receiving end detects that a trans- 
mission en-or has occurred in a predetermined PPP 
packet, since the receiving end cannot restore PPP 
packets received after the occun-ence of the transmis- 
sion en-or, it notifies the transmitting end that a restora- 
tion error has occurred. 

[0041] For example, as shown in figure 32, in the 
case where the compressed packet Py(2) is not nor- 
mally transmitted to the receiving end due to a transmis- 
sion error, even when the receiving end receives the 
compressed packet Py(3) which follows the com- 
pressed packet Py(2), the transmitting end cannot 
restore the transmission data (D3) which is the original 
data of the difference data stored in the compressed 
packet Py{3), because the transmission data (D2) which 
is the original data of the difference data stored in the 
compressed packet Py(2) is not restored. Therefore, the 
receiving end notifies the transmitting end that a resto- 
ration error has occurred. 

[0042] On receipt of the notification about the resto- 
ration error, the transmitting end transmits an uncom- 
pressed packet Px(5) as a PPP packet to the receiving 
end. At the receiving end, all of the compressed packets 
Py{2)~Py(4) which have been received from when the 
transmission error occurred to when the uncompressed 
packet Px(5) is received, are discarded. 
[0043] By the way, in recent years, applications of 
the Internet using handy phones, such as mail access 
to handy phones and services of texts, have proceeded. 
Further, infrastructure for next generation radio commu- 
nication (--384Kbps) has been developed for practical 
use of third generation mobile communication (W- 
CDMA: Wideband-Code Division Multiple Access). 
[0044] Rgure 33(a) is a diagram illustrating a data 
transmission system Cs2 employing a radio temninai 
adapted to W-CDMA. 

[0045] In the data transmission system Cs2, a gate- 
way server Sga is connected to the Internet In, and a 
mobile radio terminal Tmo (e.g., visual terminal) is con- 
nected to the gateway server Sga through a wireless tel- 
ephone network Cwr such as W-CDMA. Also in this 
data transmission system Cs2, on the transmission path 
between the mobile radio terminal Tmo and the gateway 
server Sga, packets which have been subjected to data 
compression based on the V. Jacobson's header com- 
pression method are transmitted according to a protocol 
such as PPP (Point to Point Protocol). 
[0046] Rgure 33(b) shows processes required for 
data transmission in the data transmission system Cs2, 
corresponding to a plurality of layers in hierarchy. 
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[0047] In the data transmission system Cs2, since 
the transmission path between the mobile radio temiinal 
Tmo and the gateway server Sga includes the wireless 
telephone network Cwr, data transmission between 
them is different in the following point from data trans- 5 
mission in the data transmission system Cs1 in which 
the temnlnal Tmo and the server Sga are connected by 
the cable line. 

[0048] That Is, when transmitting a PPP packet 
from the gateway server Sga to the mobile radio termi- 10 
nal Tmo, the gateway server Sga transmits a PPP 
packet obtained by the process of the second layer 
Lmo2, through the radio network Cmo, to the mobile 
radio temninal Tmo, by the process of the third layer 
Lmo3 which corresponds to the W-CDMA method. 15 
[0049] The mobile radio terminal Tmo receives the 
PPP packet by the process of the sixth layer Lr6 which 
corresponds to the W-CDMA method. Thereafter, like 
the data transmission system Csl , the data stored in 
the RTP payload Drtp is taken out by the processes of 20 
the fifth to second layers Lr5-Lr2, and the data is sub- 
jected to the process of the application layer Lr1 . 
[0050] Other processes for communication in the 
data transmission system Cs2 shown in figure 33(b) are 
identical to those already described for the data trans- 25 
mission system Csl shown in figure 28(b). For example, 
the processes of the first layer Lmo1 and the second 
layer Lmo2 at the temninal end in the gateway server 
Sga in the data transmission system Cs2 are identical to 
the processes of the first layer Leq1 and the second 30 
layer Leq2 at the terminal end in the gateway server 
Sga in the data transmission system Cs1. 
[0051] However, the bit error rate in data transmis- 
sion in the radio section is about 10"^ while the bit error 
rate in data transmission in the cable section is 1 0'^'-l 0' 35 
^. Therefore, in the PPP data transmission using the 
VJacobson's header compression method (RFC1144, 
RFC2508), degradation of data quality due to transmis- 
sion errors in the radio section becomes a problem. 
[0052] In other words, in the data transmission sys- 40 
tem Cs2 Including the radio section, when data is trans- 
mitted by PPP using the VJacobson's header 
compression method, the case shown in figure 32, i.e., 
discarding the received packets at the receiving end 
due to transmission errors, occurs frequently and, con- 45 
sequently, the number of transmitted packets to be dis- 
carded increases considerably. 

SUMMARY OF THE INVENTION 

50 

[0053] The present invention is made to solve the 
above-described problems and has for its object to pro- 
vide a data transmission method, a data transmission 
apparatus, and a data reception apparatus, which can 
reduce the number of packets to be discarded at the 55 
receiving end due to errors in the radio section, and 
thereby improve the quality of data transmitted through 
the data transmission path including the radio section, 
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when performing packet-by-packet data transmission 
with data (transmission data) stored in the packets 
being compressed. 

[0054] Other objects and advantages of the inven- 
tion will become apparent from the detailed description 
that follows. The detailed description and specific 
embodiments described are provided only for illustra- 
tion since various additions and modifications within the 
scope of the Invention will be apparent to those of skill in 
the art from the detailed description. 
[0055] According to a first aspect of the present 
invention, there is provided a data transmission method 
for sequentially transmitting data in units of packets 
each containing transmission data, from the transmit- 
ting end to the receiving end. This method comprises a 
transmission-side process of transmitting an uncom- 
pressed packet in which predetermined transmission 
data is stored as uncompressed data, and then continu- 
ously transmitting a compressed packet in which at 
least a portion of transmission data following the prede- 
termined transmission data is compressed and stored 
as compressed data; and a reception-side process of 
receiving the packets transmitted from the transmitting 
end, and restoring the transmission data of the respec- 
tive packets on the basis of the uncompressed data and 
the compressed data stored in the respective packets. 
The transmission-side process includes a compression 
process of forming compressed data to be stored in a 
compressed packet to be transmitted, on the basis of 
the transmission data of a reference packet that is the 
uncompressed packet and the transmission data of the 
compressed packet to be transmitted. The reception- 
side process includes a restoration process of restoring 
the transmission data of a compressed packet to be 
restored, on the basis of the transmission data of the 
reference packet and the compressed data included in 
the compressed packet to be restored. Therefore, even 
when a transmission error occurs in the compressed 
packet transmitted in the radio section, the receiving 
end can restore the subsequent compressed packet 
with reference to the transmission data of the uncom- 
pressed packet as the reference packet. Thereby, the 
number of packets to be discarded at the receiving end 
due to the transmission error in the radio section is 
reduced, with the result that the quality of data transmit- 
ted in the transmission path including the radio section 
is improved. 

[0056] According to a second aspect of the present 
Invention, in the data transmission method of the first 
aspect in the transmission-side process, as the uncom- 
pressed packet, a packet including the uncompressed 
data and a packet identifier indicating this packet is 
transmitted, and as the compressed packet that follows 
the uncompressed packet, a packet including the com- 
pressed data and a reference packet identifier indicating 
the uncompressed packet as a reference packet is 
transmitted. In the compression process, as the com- 
pressed data, difference data between the transmission 
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data of the reference packet and the transnnission data 
of the compressed packet is formed. Therefore, at the 
receiving end, the reference packet which is required for 
restoration of the compressed packet can be specified 
according to the reference packet identifier. Further, 
since the difference data between the transmission data 
of the reference packet and the transmission data of the 
compressed packet is formed as the compressed data, 
the compressed packet to be included in the com- 
pressed packet can be formed by simple arithmetic 
processing. 

[0057] According to a third aspect of the present 
invention, in the data transmission method of the sec- 
ond aspect, in the transmission-side process, additional 
information for calculating the difference data on the 
basis of the transmission data of the reference packet is 
stored, and in the reception-side process, the difference 
data in the compressed packet is calculated from the 
transmission data of the reference packet, on the basis 
of the additional infomiation stored in the compressed 
packet. Therefore, the data quantity of the difference 
data is reduced, and the data compression efficiency is 
improved, resulting in improved data transmission effi- 
ciency. 

[0058] According to a fourth aspect of the present 
invention, in the data transmission method of the third 
aspect, the additional information is a sequence number 
which indicates how many packets have been transmit- 
ted before the compressed packet, after transmission of 
the uncompressed packet. Therefore, with respect to 
the transmission data which increases by a predeter- 
mined quantity every time one packet is transmitted, the 
difference data can be set to 0 bit. 
[0059] Accorcling to a fifth aspect of the present 
invention, in the data transmission method of the third 
aspect, the additional information is a variable of a cal- 
culation formula for calculating the difference data of the 
compressed packet from the transmission data of the 
reference packet. Therefore, with respect to the trans- 
mission data which varies according to a predetemnined 
function every time one packet Is transmitted, the differ- 
ence data can be reduced significantly. 
[0060] According to a sixth aspect of the present 
invention, in the data transmission method of the sec- 
ond aspect, in the transmission-side process, a plurality 
of uncompressed packets which have been formed so 
as to be transmitted prior to the compressed packet are 
used as reference packets, and difference data between 
the transmission data of each reference packet and the 
transmission data of the compressed packet is associ- 
ated with the reference packet identifier corresponding 
to each reference packet, and plural sets of associated 
difference data and reference packet identifiers are 
stored in the compressed packet as the compressed 
data. In the reception-side process, the transmission 
data of the compressed packet is restored using any set 
of different data and packet identifier stored in the com- 
pressed packet. Therefore, the reliability of the trans- 



mission process for the uncompressed packet which 
includes information required for restoration of the com- 
pressed packet, is improved, whereby the quality of 
data transmitted by radio is significantly improved. 

5 [0061 ] According to a seventh aspect of the present 
invention, in the data transmission method of the first 
aspect, in the transmission-side process, the uncom- 
pressed packet is transmitted at regular intervals. 
Therefore, the data size of the compressed packet is 

10 prevented from significantly increasing, whereby the 
compression efficiency of the transmission data is lim- 
ited within an approximately constant variation range. 
As the result, not only the quality of data transmitted by 
radio but also the data transmission efficiency are 

15 improved. 

[0062] According to an eighth aspect of the present 
invention, in the data transmission method of the first 
aspect, in the transmission-side process, the uncom- 
pressed packet is transmitted when the size of the com- 

20 pressed data included In the compressed packet to be 
transmitted to the receiving end exceeds a predeter- 
mined value. Therefore, the data size of the com- 
pressed packet is minimized, and the compression 
efficiency of the transmission data is improved, whereby 

25 not only the quality of data transmitted by radio but also 
the data transmission efficiency are improved. 
[0063] According to a ninth aspect of the present 
invention, in the data transmission method of the first 
aspect, in the reception-side process, a request for 

30 transmission of the uncompressed packet is output to 
the transmitting end when the size of the compressed 
data included in the compressed packet supplied from 
the transmitting end exceeds a predetermined value. In 
the transmission-side process, on receipt of the request 

35 from the receiving end, the uncompressed packet is 
transmitted to the receiving end. Therefore, the data 
size of the compressed packet is minimized, and the 
compression efficiency of the transmission data is 
improved, whereby not only the quality of data transmrt- 

40 ted by radio but also the data transmission efficiency are 
improved. 

[0064] According to a tenth aspect of the present 
invention, in the data transmission method of the first 
aspect, in the transmission-side process, the uncom- 

45 pressed packet containing the same transmission data 
is continuously transmitted by a predetemiined number 
of times to the receiving end. Therefore, the reliability of 
the transmission process for the uncompressed packet 
required for restoration of the compressed packet is 

50 improved, whereby the quality of data transmitted by 
radio is significantly improved. 

[0065] According to an eleventh aspect of the 
present invention, in the data transmission method of 
the tenth aspect, in the reception-side process, when a 
55 restoration error of the compressed data stored in the 
compressed packet is detected, this restoration error is 
notified to the transmitting end. In the transmission-side 
process, the number of times that the uncompressed 
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packet is transmitted to the receiving end is changed on 
the basis of the frequency of notification of restoration 
error fronn the receiving end. Therefore, continuous 
transmission of the uncompressed packet is performed 
with efficiency. 

[0066] According to a twelfth aspect of the present 
invention, in the data transmission method of the first 
aspect, in the transmission-side process, after transmis- 
sion of the uncompressed packet, an auxiliary transmis- 
sion packet including the packet identifier and the 
transmission data stored in the uncompressed packet is 
transmitted by a predetemnined number of times to the 
receiving end. Therefore, the reliability of the transmis- 
sion process for the information required for restoration 
of the compressed packet is improved, whereby the 
quality of data transmitted by radio is significantly 
improved. 

[0067] According to a thirteenth aspect of the 
present invention, in the data transmission method of 
the first aspect, in the transmission-side process, the 
uncompressed packet, to which an en-or correction 
code is added, is transmitted to the receiving end, and 
in the reception-side process, the uncompressed packet 
is subjected to error correction according to the error 
correction code. Therefore, the reliability of the trans- 
mission process for the uncompressed packet which 
includes information required for restoration of the com- 
pressed packet is improved, whereby the quality of data 
transmitted by radio is significantly improved. 
[0068] According to a fourteenth aspect of the 
present invention, in the data transmission method of 
the second aspect, in the transmission-side process, 
error correction codes are added to the packet identifier 
and the transmission data which are stored in the 
uncompressed packet, and in the reception-side proc- 
ess, the packet identifier and the transmission data 
included in the uncompressed packet are subjected to 
error correction according to the error correction codes. 
Therefore, the reliability of the transmission process for 
the information required for restoration of the com- 
pressed packet is Improved, whereby the quality of data 
transmitted by radio is significantly improved. 
[0069] According to a fifteenth aspect of the present 
invention, in the data transmission method of the first 
aspect, in the reception-side process, when a restora- 
tion error of the compressed data stored in the com- 
pressed packet is detected, this restoration en-or is 
notified to the transmitting end. In the transmission-side 
process, according to the frequency of notification of 
restoration error from the receiving end, one of the fol- 
lowing two processes is performed: a process of trans- 
mitting the uncompressed packet after attaching an 
error correction code to this packet, and a process of 
transmitting the uncompressed packet without attaching 
an en-or correction code to this packet. Therefore, 
assignment of an error correction code to the uncom- 
pressed packet, and error correction for the uncom- 
pressed packet are performed effectively. 



[0070] According to a sixteenth aspect of the 
present invention, in the data transmission method of 
the first aspect, in the transmission-side process, only 
the uncompressed packet is stored as data to be 
5 retransmitted in a buffer for retransmission. In the recep- 
tion-side process, when a transmission error of the 
uncompressed packet is detected, a request for retrans- 
mission of the uncompressed packet as the error packet 
is output to the transmitting end. In the transmission- 
w side process, on receipt of the request for retransmis- 
sion, the uncompressed packet corresponding to the 
error packet is retransmitted to the receiving end only 
when the uncompressed packet is stored in the buffer. 
Therefore, the reliability of the transmission process for 
15 the infonnation required for restoration of the com- 
pressed packet is improved, whereby the quality of data 
transmitted by radio is significantly improved. 
[0071] According to a seventeenth aspect of the 
present invention, in the data transmission method of 
20 the second aspect, in the transmission-side process, 
the packet identifier and the transmission data which 
are included in the uncompressed packet are stored as 
data to be retransmitted in a buffer for retransmission. In 
the reception-side process, when a transmission error 
25 of the uncompressed packet is detected, a request for 
retransmission of the packet identifier and the transmis- 
sion data stored in the uncompressed packet as the 
error packet is output to the transmitting end. In the 
transmission-side process, on receipt of the request for 
30 retransmission, the packet identifier and the transmis- 
sion data stored in the uncompressed packet as the 
error packet are retransmitted to the receiving end only 
when these are stored in the buffer. Therefore, the relia- 
bility of the transmission process for the information 
35 required for restoration of the compressed packet is 
improved, and retransmission of the uncompressed 
packet is performed with efficiency and, furthermore, 
the data storage capacity of the buffer for retransmis- 
sion can be reduced. 
40 [0072] According to an eighteenth aspect of the 
present invention, there is provided a data transmission 
method for sequentially transmitting data in units of 
packets each containing transmission data, from the 
transmitting end to the receiving end, and this method 
45 comprises a first data transmission process and a sec- 
ond data transmission process. The first data transmis- 
sion process includes a transmission-side process of 
transmitting an uncompressed packet in which prede- 
termined transmission data is stored as uncompressed 
50 data, and then continuously transmitting a compressed 
packet in which at least a portion of transmission data 
following the predetermined transmission data is com- 
pressed and stored as compressed data; and a recep- 
tion-side process of receiving the packets transmitted 
55 from the transmitting end, and restoring the transmis- 
sion data of the respective packets on the basis of the 
uncompressed data and the compressed data stored in 
the respective packets. The transmission-side process 
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includes a compression process of forming compressed 
data to be stored in a compressed packet to be transmit- 
ted, on the basis of the transmission data of a reference 
packet that is the uncompressed packet, and the trans- 
mission data of the compressed packet to be transmit- 5 
ted. The reception-side process includes a restoration 
process of restoring the transmission data of a com- 
pressed packet to be restored, on the basis of the trans- 
mission data of the reference packet, and the 
compressed data Included in the compressed packet to 10 
be restored. The second data transmission process is 
for forming, at the transmitting end, compressed data to 
be stored in the compressed packet by a formation 
method different from the compressed data formation 
method employed in the first data transmission process, 75 
and restoring, at the receiving end, the compressed 
data stored in the compressed packet by a restoration 
method different from the compressed data restoration 
method employed in the first data transmission process. 
In this method, when transmitting the transmission data 20 
in packet units, the data transmission process is 
switched between the first process and the second 
process according to whether or not a restoration error 
occurs in the compressed packet at the receiving end. 
Therefore, the quality of data transmitted by radio is 25 
improved when the error frequency is high, and the 
compression efficiency of transmission data is improved 
when the error frequency is low. 

[0073] According to a nineteenth aspect of the 
present invention, in the data transmission method of 30 
the eighteenth aspect, the second data transmission 
process includes, as a transmission-side process, a 
compression process of forming compressed data to be 
stored in a compressed packet to be transmitted, on the 
basis of the transmission data of a previous packet 3S 
which has been transmitted immediately before the 
compressed packet, and the transmission data of the 
compressed packet to be transmitted; and as a recep- 
tion-side process, a restoration process of restoring the 
compressed data included in a compressed packet to 40 
be restored, by using the transmission data of the previ- 
ous packet. Therefore, when the error frequency is low, 
the compression efficiency of transmission data is sig- 
nificantly improved. 

[0074] According to a twentieth aspect of the 45 
present invention, in the data transmission method of 
the nineteenth aspect, at the receiving end, when an 
error occurs in the restoration process of restoring the 
compressed data included in the compressed packet, 
the receiving end notifies the transmitting end of this so 
error. At the transmitting end, when the frequency of 
error notification exceeds a predetermined value, the 
transmitting end requests the receiving end to change 
the restoration process at the receiving end to the resto- 
ration process in the first data transmission process 55 
and, thereafter, the transmitting end performs the com- 
pression process in the first data transmission process. 
On the other hand, when the frequency of error notifica- 



tion becomes equal to or smaller than the predeter- 
mined value, the transmitting end requests the receiving 
end to change the restoration process at the receiving 
end to the restoration process in the second transmis- 
sion process and, thereafter, the transmitting end per- 
forms the compression process in the second data 
transmission process. Therefore, it Is possible to adap- 
tively switch the transmission method between the 
transmission method which provides high quality of 
radio-transmitted data (in the case where the en-or fre- 
quency is high) and the transmission method which pro- 
vides high compression efficiency of transmission data 
(in the case where the error frequency is low). 
[0075] According to a twenty-first aspect of the 
present invention, in the data transmission method of 
the nineteenth aspect, at the receiving end, when the 
frequency of error which occurs in the restoration proc- 
ess of restoring the compressed data included in the 
compressed packet exceeds a predetermined value, 
the receiving end requests the transmitting end to 
change the compression process at the transmitting 
end to the compression process in the first data trans- 
mission process. On the other hand, when the fre- 
quency of error in the restoration process becomes 
equal to or lower than the predetermined value, the 
receiving end requests the transmitting end to change 
the compression process at the transmitting end to the 
compression process in the second data transmission 
process. The transmitting end performs either the com- 
pression process in the first data transmission process 
or the compression process in the second data trans- 
mission process, according to the request from the 
receiving end. Therefore, It is possible to adaptively 
switch the transmission method between the transmis- 
sion method which provides high quality of radio-trans- 
mitted data (in the case where the error frequency is 
high) and the transmission method which provides high 
compression efficiency of transmission data (in the case 
where the error frequency is low). 
[0076] According to a twenty-second aspect of the 
present Invention, there is provided a data transmission 
method for sequentially transmitting data in units of 
packets each containing transmission data, from the 
transmitting end to the receiving end. This method com- 
prises a transmission-side process of transmitting an 
uncompressed packet in which predetermined trans- 
mission data is stored as uncompressed data, and then 
continuously transmitting a compressed packet in which 
at least a portion of transmission data following the pre- 
determined transmission data is compressed and 
stored as compressed data; and a reception -side proc- 
ess of receiving the packets from the transmitting end, 
and restoring the transmission data of the respective 
packets on the basis of the uncompressed data and the 
compressed data stored in the respective packets. The 
transmission-side process includes a compression 
process of forming compressed data to be stored in a 
compressed packet to be transmitted, on the basis of 
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updation information relating to a packet which has 
been transmitted prior to the compressed packet and 
the transmission data of the compressed packet to be 
transmitted; and a transmission-side updation process 
of setting infomnation relating to the uncompressed 5 
packet as an initial value of the updation information, 
and updating the updation information to Information 
relating to a specific compressed packet every time the 
specific compressed packet is formed. The reception - 
side process includes a restoration process of restoring w 
the transmission data of a compressed packet to be 
restored by using updation information relating to a 
packet which has been received prior to the com- 
pressed packet; and a reception-side updation process 
of setting infomiation relating to the uncompressed 15 
packet as an initial value of the updation information 
and, thereafter, updating the updation infonnation to 
infomnation relating to the specific compressed packet 
every time the transmission data of the specific com- 
pressed packet is restored. Therefore, the quality of 20 
data transmitted in the radio section is improved to 
increase the effective rate of data transmission and, fur- 
ther, the data compression efficiency is improved. As 
the result, the time and cost required for transmission of 
unrestorable packets are significantly reduced. Further, 25 
since the reference information required for restoration 
of the compressed packet is updated by transmission of 
the specific compressed packet, the compression effi- 
ciency of transmission data is improved while maintain- 
ing high efficiency of data transmission. 30 
[0077] According to a twenty-third aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, the updation information is 
composed of a reference packet identifier which indi- 
cates, as a reference packet, either the uncompressed 35 
packet or the specific compressed packet, and the 
transmission data corresponding to the reference 
packet; the compressed packet includes a reference 
packet identifier which indicate, as a reference packet, 
either the uncompressed packet or the specific com- 40 
pressed packet, and an information updation flag Indi- 
cating whether the updation infonnation is to be 
updated or not; the information updation flag included in 
the specific compressed packet is set at a value indicat- 
ing that the updation information is to be updated; and 45 
the information updation flags included in compressed 
packets other than the specific compressed packet are 
set at a value indicating that the updation information is 
not to be updated. Therefore, the receiving end can 
easily decide whether the updation information is to be so 
updated or not, according to the information updation 
flag. 

[0078] According to a twenty-fourth aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, in the transmission-side 55 
process, the specific compressed packet is transmitted 
to the receiving end every time a predetermined period 
of time has passed. Therefore, the quantity of difference 
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data in the compressed packet is prevented from 
increasing, whereby the quality of data transmitted in 
the radio section is improved to increase the effective 
rate of data transmission and, further, the data com- 
pression efficiency is improved. 

[0079] According to a twenty-fifth aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, in the transmission-side 
process, the specific compressed packet Is transmitted 
to the receiving end every time a predetermined number 
of compressed packets have been transmitted. There- 
fore, the quantity of difference data in the compressed 
packet is prevented from increasing, whereby the qual- 
ity of data transmitted in the radio section is improved to 
increase the effective rate of data transmission and, fur- 
ther, the data compression efficiency is improved. 
[0080] According to a twenty-sixth aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, in the transmission-side 
process, the specific compressed packet is transmitted 
to the receiving end when transmission of the specific 
compressed packet is requested from the receiving 
end. Therefore, the quality of data transmitted in the 
radio section is improved, and the effective rate of data 
transmission is Increased. Further, the data compres- 
sion efficiency is improved. 

[0081] According to a twenty-seventh aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, in the transmission-side 
process, the specific compressed packet is transmitted 
when the size of the compressed data included in the 
compressed packet to be transmitted to the receiving 
end exceeds a predetermined value. Therefore, the 
quantity of difference data in the compressed packet is 
prevented from increasing. 

[0082] According to a twenty-eighth aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, in the transmission-side 
process, the specific compressed packet is transmitted 
when the average of sizes of the compressed data 
included in the compressed packets to be transmitted to 
the receiving end exceeds a predetemiined value. 
Therefore, the quantity of difference data in the com- 
pressed packet is prevented from increasing, and con- 
trol against variation of the difference data is performed 
with stability. Also in this case, the time and cost 
required for transmission of unrestorable packets are 
significantly reduced. 

[0083] According to a twenty-ninth aspect of the 
present invention, in the data transmission method of 
the twenty-second aspect, the transmission data 
includes plural pieces of item-basis transmission data 
corresponding to different items; the compressed data 
includes plural pieces of item-basis compressed data 
corresponding different items; the item-basis com- 
pressed data con-esponding to each item in the com- 
pressed data included in the compressed packet is 
obtained by compressing the item-basis compressed 
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data corresponding to each item in the transmission 
data of the compressed packet by using the item-basis 
transmission data corresponding to each item in the 
transmission data of the uncompressed packet or the 
specific compressed packet; and each of the item-basis 
compressed data includes an item type flag which spec- 
ifies the item corresponding to the compressed data. 
Therefore, the transmission data is compressed for 
each item, whereby optimum compression effect is real- 
ized for each item. Further, the storage area (e.g., RAM) 
for storing the updation information and the like is 
reduced. Thereby, the time and cost required for trans- 
mission of unrestorable packets are reduced and, fur- 
ther, the cost for fabrication of transmission terminal 
equipment or reception terminal equipment is reduced. 
[0084] According to a thirteenth aspect of the 
present invention, in the, data transmission method of 
the twenty-ninth aspect, each of the item-basis com- 
pressed data includes data length information indicating 
the length of the compressed data. Therefore, the item- 
basis compressed data is restored with efficiency. 
[0085] According to a thirty-first aspect of the 
present invention, in the data transmission method of 
the twenty-ninth aspect, the respective item-basis com- 
pressed data are formed using different compression 
methods; and each of the item-basis compressed data 
includes a restoration method information which indi- 
cates a restoration method corespondlng to the com- 
pression method. Therefore, a plurality of item-basis 
compressed data which have been obtained by different 
compression processes are restored with efficiency. 
[0086] According to a thirty-second aspect of the 
present invention, there is provided a data transmission 
apparatus for sequentially transmitting data in units of 
packets each containing transmission data, to the 
receiving end. This apparatus comprises a reception 
unit for receiving the transmission data as an input sig- 
nal; a packet formation unit for receiving the transmis- 
sion data received, and forming an uncompressed 
packet in which predetermined transmission data is 
stored as uncompressed data, and a compressed 
packet in which at least a portion of transmission data 
that follows the predetermined transmission data is 
compressed and stored as compressed data; a refer- 
ence information management unit for holding and 
managing, as reference information, information relat- 
ing to the uncompressed packet fomned by the packet 
formation unit; and a transmission unit for transmitting 
the respective packets formed by the packet formation 
unit, as a transmission signal, to the receiving end. The 
packet formation unit forms compressed data to be 
stored in a compressed packet to be formed, on the 
basis of the transmission data of the uncompressed 
packet and the reference information stored in the refer- 
ence information management unit. Therefore, even 
when a transmission error occurs in the compressed 
packet transmitted in the radio section, the receiving 
end can restore the subsequent compressed packet 



with reference to the transmission data of the uncom- 
pressed packet as the reference packet. Thereby, the 
number of packets to be discarded at the receiving end 
due to the transmission error in the radio section is 
5 reduced, with the result that the quality of data transmit- 
ted in the transmission path including the radio section 
is improved. 

[0087] According to a thirty-third aspect of the 
present invention, there is provided a data reception 

10 apparatus for receiving data which have been transmit- 
ted in packet units from the transmitting end as a trans- 
mission signal, and sequentially restoring transmission 
data of the respective packets. This apparatus com- 
prises a packet reception unit for receiving the transmis- 

15 sion signal, and outputting an uncompressed packet in 
which predetermined transmission data is stored as 
uncompressed data, and a compressed packet in which 
at least a portion of transmission data following the pre- 
determined transmission data is compressed and 

20 stored as compressed data; a packet restoration unit for 
receiving the output from the packet reception unit, and 
restoring the respective packets on the basis of the data 
stored in the respective packets, and outputting the 
transmission data of the respective packets; and an out- 

25 put unit for outputting the transmission data of the 
respective packets supplied from the packet restoration 
unit The packet restoration unit restores the transmis- 
sion data of the compressed packet, on the basis of the 
compressed data included in the compressed packet 

30 and the reference information stored in the reference 
information management unit. Therefore, even when a 
transmission error occurs in the compressed packet 
transmitted in the radio section, the subsequent com- 
pressed packet are restored with reference to the trans- 

35 mission data of the uncompressed packet as the 
reference packet, whereby the quality of data transmit- 
ted in the transmission path including the radio section 
is improved. 

[0088] According to a thirty -fourth aspect of the 

40 present invention, there is provided a data transmission 
apparatus for sequentially transmitting data In units of 
packets each containing transmission data, to the 
receiving end. This apparatus comprises a reception 
unit for receiving the transmission data as an input sig- 

45 nal; a packet formation unit for receiving the transmis- 
sion data, and forming an uncompressed packet In 
which predetermined transmission data is stored as 
uncompressed data, and a compressed packet in which 
at least a portion of transmission data following the pre- 

50 determined transmission data is compressed and 
stored as compressed data; an information manage- 
ment unit for managing, as updation information, infor- 
mation relating to the uncompressed packet and a 
specific compressed packet which are formed by the 

55 packet formation unit; and a transmission unit for trans- 
mitting the packets formed by the packet formation unit 
as a transmission signal to the receiving end. The infor- 
mation management unit being constructed so that it 
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sets information relating to the uncompressed packet as 
an initial value of the updation information and, thereaf- 
ter, updates the updation infomnation to the information 
relating to the specific compressed packet every time 
the specific compressed packet is formed. The packet 5 
formation unit is constructed so that it forms the com- 
pressed data to be stored in a compressed packet to be 
formed, on the basis of the transmission data of the 
compressed packet and the updation information stored 
in the reference infomnation management unit. There- w 
fore, the quality of data transmitted in the radio section 
is improved to increase the effective rate of data trans- 
mission and, moreover, the data compression efficiency 
is improved. As the result, the time and cost required for 
transmission of unrestorable packets are significantly 15 
reduced. Further, since the reference information 
required for restoration of the compressed packet is 
updated by transmission of the specific compressed 
packet, the number of times the uncompressed packet 
is transmitted can be minimized. 20 
[0089] According to a thirty-fifth aspect of the 
present invention, there is provided a data reception 
apparatus for receiving data which have been transmit- 
ted in packet units from the transmitting end as a trans- 
mission signal, and sequentially restoring transmission 25 
data of the respective packets. This apparatus com- 
prises a packet reception unit for receiving the transmis- 
sion signal, and outputting an uncompressed packet in 
which predetermined transmission data is stored as 
uncompressed data, and a compressed packet in which 30 
at least a portion of transmission data following the pre- 
determined transmission data is compressed and 
stored as compressed data; a packet restoration unit for 
receiving the output from the packet reception unit, and 
restoring the respective packets on the basis of the data 35 
stored in the respective packets, and outputting the 
transmission data of the respective packets; a reference 
information management unit for storing and managing, 
as reference information, information relating to the 
uncompressed packet and the specific compressed 40 
packet which are restored by the packet restoration unit; 
and an output unit for outputting the transmission data 
of the respective packets which are restored by the 
packet restoration unit. The infomnation management 
unit is constructed so that it sets the information relating 45 
to the uncompressed packet as an initial value of the 
updation information and, thereafter, updates the upda- 
tion information to the information relating to the specific 
compressed packet every time the specific compressed 
packet is restored. The packet restoration unit is con- so 
structed so that it restores the transmission data of the 
compressed packet, on the basis of the compressed 
data included in the compressed packet and the refer- 
ence information stored in the reference information 
management unit. Therefore, the quality of data trans- 55 
mission in the radio section is improved to increase the 
effective rate of data transmission, and the data com- 
pression efficiency is improved. As the result, the time 



and cost required for transmission of unrestorable pack- 
ets are significantly reduced. Further, since the refer- 
ence information required for restoration of the 
compressed packet is updated every time the specific 
compressed packet is restored, it is possible to realize 
data transmission with high data transmission efficiency 
and high data compression efficiency while minimizing 
the number of times the uncompressed packet is trans- 
mitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0090] 

Figures 1(a) and 1(b) are diagrams for explaining a 
data transmission method according to a first 
embodiment of the present invention, illustrating 
data structures of an uncompressed packet (1(a)) 
and a compressed packet (1(b)) which are used in 
the data transmission method. 
Rgure 2 is a block diagram for explaining a data 
transmission system using the data transmission 
method of the first embodiment, illustrating a data 
transmission apparatus in the data transmission 
system. 

Rgure 3 is a block diagram for explaining a data 
transmission system using the data transmission 
method of the first embodiment, illustrating a data 
reception apparatus in the data transmission sys- 
tem. 

Rgure 4 is a diagram for explaining the data trans- 
mission method of the first embodiment, illustrating 
the flow of plural packets from the transmitting end 
to the receiving end in the nomnal transmission 
state. 

Rgure 5 is a diagram for explaining the data trans- 
mission method of the first embodiment, illustrating 
the flow of plural packets from the transmitting end 
to the receiving end in the state where a transmis- 
sion error occurs. 

Rgure 6 is a flowchart for explaining packet forma- 
tion by the data transmission apparatus of the first 
embodiment. 

Rgure 7 is a flowchart for explaining packet restora- 
tion by the data reception apparatus of the first 
embodiment. 

Rgures 8(a) and 8(b) are diagrams for explaining a 
data transmission method according to a first mod- 
ification of the first embodiment, illustrating the data 
structures of an uncompressed packet (8(a)) and a 
compressed packet (B(b)) which are used in the 
data transmission method. 

Figure 9 is a diagram for explaining the data trans- 
mission method according to the first modification 
of the first embodiment, illustrating the flow of plural 
packets from the transmitting end to the receiving 
end in the normal transmission state. 
Rgures 10(a) and 1 0(b) are diagrams for explaining 
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a data transmission method according to a second 
modification of the first embodiment, illustrating the 
data structures of an uncompressed packet (10(a)) 
and a compressed packet (10(b)) which are used in 
the data transmission method. 5 
Figures 1 1 (a) and 1 1(b) are diagrams for explaining 
a data transmission method according to a third 
modification of the first embodiment, illustrating the 
data structures of an uncompressed packet (11(a)) 
and a compressed packet (1 1 (b)) which are used in 10 
the data transmission method. 
Figure 12 is a block diagram for explaining a data 
transmission system using a data transmission 
method according to a second embodiment of the 
present invention, illustrating a data transmission is 
apparatus in the data transmission system. 
Figure 13 Is a diagram for explaining the data trans- 
mission method of the second embodiment, illus- 
trating the flow of plural packets from the 
transmitting end to the receiving end in the normal 20 
transmission state. 

Figure 14 is a block diagram for explaining a data 
transmission system using a data transmission 
method according to a third embodiment of the 
present invention, illustrating a data transmission 25 
apparatus in the data transmission system. 
Figure 15 is a block diagram for explaining the data 
transmission system using the data transmission 
method of the third embodiment, illustrating a data 
reception apparatus in the data transmission sys- 30 
tem. 

Figure 1 6 is a block diagram for explaining a data 
transmission system using a data transmission 
method according to a fourth embodiment of the 
present invention, illustrating a data transmission 35 
apparatus in the data transmission system. 
Figure 1 7 is a block diagram for explaining the data 
transmission system using the data transmission 
method of the fourth embodiment, illustrating a data 
reception apparatus in the data transmission sys- 40 
tem. 

Figures 1 8(a) and 18(b) are diagrams for explaining 
a data transmission method according to a fifth 
embodiment of the present invention, illustrating the 
data structures of an uncompressed packet (18(a)) 45 
and a compressed packet (18(b)) which are used in 
the data transmission method. 
Figure 19 is a block diagram for explaining a data 
transmission system using the data transmission 
method of the fifth embodiment, illustrating a data 50 
transmission apparatus in the data transmission 
system. 

Figure 20 is a block diagram for explaining the data 
transmission system using the data transmission 
method of the fifth embodiment, illustrating a data 55 
reception apparatus in the data transmission sys- 
tem. 

Figure 21 is a diagram for explaining the data trans- 



mission method of the fifth embodiment, illustrating 
the flow of plural packets from the transmitting end 
to the receiving end in the normal transmission 
state. 

Rgure 22 is a diagram for explaining the data trans- 
mission method of the fifth embodiment, illustrating 
the flow of plural packets from the transmitting end 
to the receiving end in the state where a transmis- 
sion error occurs. 

Rgure 23 is a flowchart for explaining packet forma- 
tion by the data transmission apparatus of the fifth 
embodiment. 

Figure 24 is a flowchart for explaining packet resto- 
ration by the data reception apparatus of the fifth 
embodiment. 

Rgures 25(a)-25(c) are diagrams for explaining a 
data transmission method according to a modifica- 
tion of the fifth embodiment, illustrating the data 
structures of an uncompressed packet (25(a)) and 
a compressed packet (25(b)) which are used in the 
data transmission method, and a process of form- 
ing a compressed packet Pj(Y) by compressing 
transmission data D(Y) (25(c)). 
Rgure 26 is a diagram illustrating a part of the com- 
pressed packet Pj(Y) according to the modification 
of the fifth embodiment. 

Rgures 27(a) and 27(b) are diagrams for explaining 
transmission data to be transmitted (27(a)) and 
specific data stored in an uncompressed packet Pi 
and a compressed packet Pj (27(b)), according to 
the modification of the fifth embodiment. 
Rgures 28(a) and 28(b) are diagrams for explaining 
a data transmission system to which the conven- 
tional header compression method by V.Jacobson 
is applied, illustrating the whole structure of the 
data transmission system (2B(a)) and processes 
required for data transmission in the data transmis- 
sion system (28(b)). 

Rgures 29(a)-29(e) are diagrams illustrating the 
data structures of packets used in the conventional 
data transmission system and, more particularly, 
illustrating an RTP packet (29(a)), an UDP packet 
(29(b)), IP packets (29(c),29(d)), and a PPP packet 
{29(e)). 

Rgures 30(a) and 30(b) are diagrams illustrating 
the data structures of PPP packets used in the data 
transmission system to which the V.Jacobson's 
header compression method is applied and, more 
particularly, illustrating an compressed packet 
(30(a)) and a compressed packet (30(b)). 
Rgure 31 is a diagram for conceptually explaining 
PPP packet transmission using the V.Jacobson's 
header compression method. 
Rgure 32 is a diagram for explaining the case 
where a transmission error occurs in the PPP 
packet transmission using the V.Jacobson's header 
compression method. 

Rgures 33(a) and 33(b) are diagrams for explaining 
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a data transmission system having a radio trans- 
mission section to which the V.Jacobson's header 
compression method is applied, illustrating the 
whole structure of the data transmission system 
(33(a)) and processes required for data transmis- 
sion in the data transmission system. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODOMENTS 

[0091] Hereinafter, the inventor's viewpoint and the 
fundamental principle of the present invention will be 
described. 

[0092] The inventors of the present invention have 
earnestly studied a method for improving the quality of 
data transmitted through a network including a radio 
transmission path, and finally discovered that the data 
quality can be improved by using, instead of the existing 
header compression method (e.g., V.Jacobson's header 
compression method), a header compression method in 
which difference data obtained by using transmission 
data of an uncompressed packet that has been trans- 
mitted previously to a compressed packet to be trans- 
mitted, is stored in this compressed packet as 
compressed data to be transmitted. 
[0093] In the following description for the embodi- 
ments of the present invention, as for data communica- 
tion, only single-direction transmission from a server Sin 
on the Internet to a mobile radio terminal (e.g., visual 
terminal) Tmo will be described as shown by data flow 
Df in figure 33. However, by constructing the communi- 
cation apparatuses such as the server and the terminal 
unit for data communication so as to have both func- 
tions as a transmitter and a receiver, bi-directional and 
simultaneous data communication is realized. In the 
above-described data communication from the server 
Sin on the Internet to the mobile radio terminal Tmo, the 
gateway server Sga (refer to figure 33(b)) performs 
reception of data from the server Sin as well as trans- 
mission of the received data to the tennlnal Tmo, and 
the mobile radio terminal Tmo performs reception of the 
data from the gateway sen/er Sga. 
[0094] Further, the embodiments of the present 
invention will be described for the case where an 
RTP/UDP/IP packet corresponding to an IP packet Pipb 
(refer to figure 29(d)) is transmitted as data to be trans- 
mitted (transmission data) Including various kinds of 
header information, with the header information being 
compressed, by using PPP. However, the transmission 
data and the transmission protocol are not restricted to 
the RTP/UDP/IP packet and the PPR 

[Embodiment 1] 

[0095] Figures 1 to 11 are diagrams for explaining a 
data transmission method according to a first embodi- 
ment of the present invention. This first embodiment 
con-esponds to Claims 1 -9. 1 8-21 , 32, 33. 36. and 37. 



[0096] In the data transmission method of this first 
embodiment, data transmission from a transmitter to a 
receiver is performed packet by packet. The transmitter 
forms uncompressed packets and compressed packets 

5 and transmits these packets, and the receiver receives 
these packets from the transmitter and sequentially 
restores the received packets. In this method, difference 
data, which is based on transmission data stored in an 
uncompressed packet that has been transmitted most- 

w recently, is stored in a compressed packet to be trans- 
mitted. To be specific, the different data stored in the 
compressed packet to be transmitted is obtained by 
using the transmission data stored in the uncompressed 
packet as reference data, and subtracting the transmis- 

15 sion data to be transmitted by the compressed packet 
from the reference data. 

[0097] In the following description, transmission 
data stored in an uncompressed packet is also referred 
to as "transmission data of an uncompressed packet", 
20 and transmission data to be transmitted by a com- 
pressed packet is also referred to as "transmission data 
of a compressed packet". 

[0098] Figures 1(a) and 1(b) are diagrams for 
explaining the data transmission method according to 

25 the first embodiment, illustrating the data structures of 
an uncompressed packet (figure 1(a)) and a com- 
pressed packet (figure 1(b)) which are employed in the 
data transmission method. In figures 1 (a) and 1 (b), only 
portions of these PPP packets, required for explaining 

30 the header compression method, are shown in detail. 
[0099] As shown in figure 1 (a), an uncompressed 
packet Pa is composed of a header section Hpa con- 
taining header information, and a data section Dpa con- 
taining uncompressed data Ir to be transmitted by PPP. 

35 The infomnation in the header section Hpa is composed 
of a compression/uncompresslon identifier Ihl indicat- 
ing whether the data stored in the data section Dpa is 
compressed or not, a packet identifier (ID) Ih2a for iden- 
tifying this packet, and other header information Ih3. 

40 The identifier Ihl of this uncompressed packet Pa indi- 
cates "uncompressed". The uncompressed data Ir is 
transmission data (D) to be transmitted by the uncom- 
pressed packet. 

[0100] On the other hand, as shown in figure 1 (b), 
45 the compressed packet Pb Is composed of a header 
section Hpb containing header information, and a data 
section Dpb containing compressed data Id to be trans- 
mitted by PPP. The information in the header section 
Hpb Is composed of a compression/uncompression 
50 Identifier Ihl indicating whether the data stored in the 
data section Dpb is compressed or not, a reference 
packet identifier (ID) Ih2b for identifying an uncom- 
pressed packet (reference packet) which contains trans- 
mission data to be used as reference data, and other 
55 header information Ih3. The identifier Ih1 of the com- 
pressed packet Pb indicates "compressed". The com- 
pressed data Id is difference data (AD) between the 
transmission data (reference data) of a most-recent 
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uncompressed packet (reference packet) which has 
been transmitted previously to the compressed packet 
Pb, and the transmission data of the compressed 
packet Pb. 

[0101] It is needless to say that the header informa- s 
tion Ih3 includes a CRC code Icrc shown in figure 29(e). 
[0102] Rgure 2 is a block diagram for explaining a 
data transmission apparatus 1 01 in a data transmission 
system which performs data transmission according to 
the data transmission method of this first embodiment. io 
[0103] The data transmission apparatus 101 corre- 
sponds to the gateway server Sga in the data transmis- 
sion system Cs2 shown in figure 33(a). The data 
transmission apparatus 101 includes a reception unit 

1 1 , a compressed/uncompressed packet formation unit 15 

12, and a packet transmission unit 16. The reception 
unit 1 1 receives a first transmission signal Si including 
transmission data, supplied from the Internet In to the 
receiving end (mobile radio terminal Tmo). and outputs 
the transmission data as a reception signal Src. The 20 
packet formation unit 12 packetizes the transmission 
data from the reception unit 1 1 on the basis of transmis- 
sion standard such as RPR and outputs an uncom- 
pressed packet Pa or a compressed packet Pb. The 
packet transmission unit 1 6 transmits the packet formed 25 
by the unit 12 as a second transmission signal S2 to the 
receiving end, by a transmission method such as W- 
CDMA. 

[0104] Further, the data transmission apparatus 
101 includes an error notification reception unit 14 and 30 
a compression/uncompression decision unit 13. The 
error notification reception unit 14 receives a restoration 
error notification signal Ne from the receiving end, 
which indicates that a restoration error has occurred at 
the receiving end, and outputs an error notification 3S 
reception signal Sn. The decision unit 13 manages the 
type of each packet formed by the packet formation unit 
12, decides the type of a packet to be formed next on 
the basis of the managed packet type and the error noti- 
fication reception signal Sn, and outputs a packet deci- 40 
sion signal Jp. In the decision unit 13, the 
compression/uncompression identifiers Ihl of the pack- 
ets formed by the packet formation unit 12 are recorded 
in association with the corresponding packets. Further, 
in the decision unit 1 3, the packet type is decided as fol- 45 
lows. A packet which is fomned first after starting data 
transmission, and a packet which is formed immediately 
after receiving an error notification reception signal Sn 
are decided as "uncompressed packets", while the 
other packets are decided as "compressed packets". so 
[0105] Further, the data transmission apparatus 
101 includes a reference information management unit 
15. This management unit 15 associates the transmis- 
sion data (D) stored as uncompressed data Ir in the 
uncompressed packet Pa with the packet identifier (ID) 55 
Ih2a for identifying this uncompressed packet, and man- 
ages them as transmitting-end reference information 
Im1 . The transmitting-end reference information Iml is 



composed of an identifier (ID) equal to the packet iden- 
tifier (ID) ih2a, and reference data (D) equal to the 
transmission data (D) of the uncompressed packet Pa. 
This management unit 15 updates the packet identifier 
(ID) and the reference data (D) which are stored as the 
transmitting-end reference Information Iml, every time 
an uncompressed packet is fomned by the packet fomna- 
tion unit 12, according to a transmitting-end manage- 
ment control signal Cml supplied from the formation 
unit 12. 

[0106] In the data transmission . apparatus 101, the 
compressed/uncompressed packet formation unit 12 
forms either an uncompressed packet Pa or a com- 
pressed packet Pb on the basis of the packet decision 
signal Jp. When forming the uncompressed packet Pa, 
the transmission data (D) is stored as the uncom- 
pressed data Ir in its data section Dpa, and the (ID) 
which specifies the uncompressed packet Pa is stored 
as the packet identifier Ih2a in its header section Hpa. 
When forming the compressed packet Pb, the differ- 
ence data (aD) based on the transmission data (D) of 
the uncompressed packet (reference packet) is stored 
as the compressed data Id in its data section Dpb, and 
the (ID) which identifies the uncompressed packet Pa 
(reference packet) is stored as the reference packet 
identifier Ih2b in its header section Hpb. 
[0107] The difference data (AD) of each com- 
pressed packet Pb is a difference between the transmis- 
sion data of the compressed packet and the 
transmission data of the uncompressed packet as the 
reference packet The uncompressed packet as the ref- 
erence packet is a most-recent packet amongst the 
uncompressed packets which have been formed previ- 
ously to the compressed packet Pb. 
[0108] Rgure 3 is a block diagram for explaining a 
data reception apparatus 201 in the data transmission 
system perfomning data transmission according to the 
data transmission method of this first embodiment. . 
[0109] The data reception apparatus 201 corre- 
sponds to the mobile radio terminal Tmo in the data 
transmission system Cs2 shown in figure 33(a). 
[01 10] The data reception apparatus 201 includes a 
packet reception unit 21 and an error packet detection 
unit 22. The packet reception unit 21 receives, the 
packet which has been transmitted from the transmitting 
end as the second transmission signal S2, by a method 
such as W-CDMA. The error packet detection unit 22 
receives the packet Rp output from the reception unit 
21, detects an error packet in which an error has 
occun-ed during transmission or outputs the packet Rp 
which has been normally transmitted, as a normal 
packet Pno. 

[0111] Further, the data reception apparatus 201 
includes a packet restoration unit 23, an error notifica- 
tion transmission unit 24, and an output unit 26. The 
packet restoration unit 23 receives the normal packet 
Pno from the detection unit 22, and restores this packet 
Pno to output restored data Irs. Further, the restoration 
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unit 23 outputs an error signal Se when a restoration 
error occurs. The error notification transmission unit 24 
receives the error signal Se, and outputs a restoration 
error notification signal Ne which indicates that the res- 
toration error has occurred, to the transmitting end. The 
output unit 26 outputs the transmission data (D) which is 
the restored data Irs, as an output signal S3. 
[0112] In the packet restoration unit 23, as a resto- 
ration process for the uncompressed packet Pa, the 
transmission data (D) is taken from the data section 
Dpa of the uncompressed packet Pa on the basis of 
PPP or the like. Further, as a restoration process for the 
compressed packet Pb, the difference data Id is taken 
from the data section Dpb of the compressed packet Pb 
on the basis of PPP or the like, and the transmission 
data of this compressed packet is restored with refer- 
ence to the transmission data of the uncompressed 
packet as the reference packet. 

[0113] Further, the data reception apparatus 201 
includes a reference infomnation management unit 25. 
When the uncompressed packet Pa is restored in the 
restoration unit 23, the management unit 25 associates 
the packet identifier (ID) Ih2a of the restored uncom- 
pressed packet Pa with the transmission data (D) of this 
uncompressed packet Pa, and manages them as 
receiving-end reference information Im2. The receiving- 
end reference information Im2 is composed of an iden- 
tifier (ID) equal to the packet identifier (ID) ih2a, and ref- 
erence data (D) equal to the transmission data (D) of 
the uncompressed packet Pa. The management unit 25 
updates the packet identifier (ID) and the reference data 
(D) which are stored as the receiving-end reference 
infomnation Im2, every time an uncompressed packet is 
restored in the packet restoration unit 23, according to a 
receiving-end management control signal Cm2 supplied 
from the restoration unit 23. 

[0114] In the data reception apparatus 201, when 
each compressed packet is restored by the packet res- 
toration unit 23, the reference packet identifier (ID) 
stored in this compressed packet and the transmission 
data (D) of this compressed packet are collated with the 
identifier (ID) and the corresponding reference data (D) 
which are stored in the management unit 25, respec- 
tively. Based on the collation, excepting the case where 
these packet identifiers (ID) match and these data (D) 
match, i.e., when either the identifier (ID) or the trans- 
mission data (D) of the reference packet which is 
required for restoration of the compressed packet to be 
restored is not stored in the management unit 25, an 
error signal Se indicating that a restoration error has 
occurred is output from the packet restoration unit 23 to 
the error notification transmission unit 24. 
[0115] Next, the function and effect will be 
described. 

[0116] Figures 4 and 5 are diagrams for explaining 
the data transmission method according to the first 
embodiment. Figure 4 shows the flow of plural packets 
from the transmitting end to the receiving end in the nor- 



mal transmission state, and figure 5 shows the flow of 
plural packets from the transmitting end to the receiving 
end when a transmission error occurs. 
[0117] In figure 4, transmission data (D1)-(D4) are 

5 packetized data for packet-by-packet transmission. In 
this first embodiment, the transmission data (D1) is not 
compressed and transmitted by an uncompressed 
packet pa(1), and the transmission data (b2)-'(D4) are 
compressed and sequentially transmitted by com- 

10 pressed packets Pb(2)-Pb(4) which follow the uncom- 
pressed packet Pa(1). 

[0118] At the transmitting end, initially, the uncom- 
pressed packet Pa(1) is generated and transmitted to 
the receiving end. At this time, the transmission data 

IS (D1) is stored as the uncompressed data Ir in the data 
section Dpa of the uncompressed packet Pa(1), and the 
Identifier Ihl indicating "uncompressed", the packet 
identifier (ID=0) Ih2a for identifying this packet, and 
other header information Ih3 are stored in the header 

20 section Hpa. 

[01 19] Next, the compressed packet Pb(2) is gener- 
ated and transmitted to the receiving end. At this time, 
difference data (D1-D2) is stored as the compressed 
data Id in the data section Dpb of this compressed 

25 packet Pb(2), and the identifier Ihl indicating "com- 
pressed", the reference packet identifier (ID=0) lh2b, 
and other header infomnation Ih3 are stored in the 
header section Hpb. The difference data (D1-D2) is 
otrtained by subtracting the transmission data (D2) of 

30 the compressed packet Pb(2) from the transmission 
data (D1) of the uncompressed packet Pa(1) as the ref- 
erence packet. 

[0120] Subsequently, the compressed packet Pb(3) 
is generated and transmitted to the receiving end. At 

35 this time, difference data (D1-D3) is stored as the com- 
pressed data Id in the data section Dpb of this com- 
pressed packet Pb(3), and the identifier Ihl indicating 
"compressed", the reference packet identifier (ID=0) 
Ih2b, and other header information Ih3 are stored in the 

40 header section Hpb. The difference data (D1-D3) is 
obtained by subtracting the transmission data (D3) of 
the compressed packet Pb(3) from the transmission 
data (D1) of the uncompressed packet Pa(1) as the ref- 
erence packet. 

45 [0121] Further, the compressed packet Pb(4) is 
generated and transmitted to the receiving end. At this 
time, difference data (D1-D4) is stored in the data sec- 
tion Dpb of this compressed packet Pb(4), and the iden- 
tifier Ih1 indicating "compressed", the reference packet 

50 identifier (ID=0) Ih2b, and other header information Ih3 
are stored in the header section Hpb. The difference 
data (D1-D4) is obtained by subtracting the transmis- 
sion data (D4) of the compressed packet Pb(4) from the 
transmission data (D1) of the uncompressed packet 

55 Pa(1) as the reference packet. 

[0122] The reference packet identifier (1D=0) Ih2b 
which is stored in the header section Hpb of each of the 
compressed packets Pb(2), Pb(3), and Pb(4) indicates 
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that the reference packet required for restoration of this 
compressed packet is the uncompressed packet Pa(1). 
[0123] As described above, the uncompressed 
packet Pa(1) and the following compressed packets 
Pa(2)-Pa(4) are sequentially received at the receiving s 
end in the normal transmission state, and the transmis- 
sion data (D1)-(D4) of these packets are restored. 
[0124] That is, at the receiving end, when the 
uncompressed packet Pa(1) is received, the transmis- 
sion data (01) is taken from the data section Dpa. Sub- io 
sequently, when the compressed packet Pb(2) is 
received, the difference data (D1-D2) is taken from the 
data section Dpb, and the transmission data (02) of the 
compressed packet Pb(2) is restored from the differ- 
ence data (D1-D2) with reference to the transmission is 
data (01) of the uncompressed packet Pa(1) which is 
specified as the reference packet by the reference 
packet identifier (ID=0) Ih2b. 

[0125] Thereafter, when the compressed packets 
Pb(3) and Pb(4) are received, as in the case of the com- 20 
pressed packet Pb(2), the difference data (D1-D3) and 
(D1-D4) are taken from their data sections Dpb, and the 
transmission data (D3) and (D4) of the compressed 
packets Pb(3) and Pb(4) are restored from the differ- 
ence data (D1-D3) and (D1-D4) with reference to the 25 
transmission data (D1) of the uncompressed packet 
Pa(1) which is specified as the reference packet by the 
reference packet identifier (ID=0) Ih2b. 
[0126] Rgure 5 shows the case where a transmis- 
sion error occurs in the compressed packet Pb(2) dur- 30 
ing the above- described packet transmission. Even in 
this case, when the compressed packets Pb(3) and 
Pb(4) which follow the compressed packet Pb(2) are 
received, the transmission data (D3) and (D4) of these 
compressed packets Pb{3) and Pb{4) are normally 35 
restored. 

[0127] That Is, in this first embodiment, the differ- 
ence data (AD) stored in the data section Dpb of each 
compressed packet Pb is not the difference data 
between the transmission data of the compressed 40 
packet Pb and the transmission data of the packet 
which has been transmitted just before the compressed 
packet Pb, but the difference data between the trans- 
mission data of the compressed packet Pb and the 
transmission data of the most-recent uncompressed 45 
packet Pa which has been transmitted previously to the 
compressed packet Pb. Therefore, in the data transmis- 
sion system of this first embodiment, even when a trans- 
mission error has occurred in some compressed 
packet, this transmission error does not adversely affect so 
restoration of a compressed packet which is normally 
received after the error packet. Accordingly, when such 
transmission error has occurred, only the error packet is 
discarded, and no restoration error is notified from the 
receiving end to the transmitting end. ss 
[0128] When a transmission error has occurred in 
the unconnpressed packet Pa(1) during the packet-by- 
packet data transmission, a notification signal Ne indi- 



cating that the transmission error has occurred is trans- 
mitted from the receiving end to the transmitting end, in 
the same manner as described with respect to figure 
32. On receipt of this notification signal Ne, the transmit- 
ting end transmits an uncompressed packet to the 
receiving end and, thereafter, compressed packets are 
sequentially transmitted. At the receiving end, the en-or 
packet and the subsequent compressed packets, i.e., 
those packets which have been received from when the 
transmission error occurred to when the uncompressed 
packet is normally received, are discarded. 
[0129] Next, the operation of the data transmission 
apparatus 1 01 in the data transmission system will be 
described. 

[0130] In the data transmission apparatus 101, as 
shown in figure 4 or 5. the transmission data (D1)~(D4) 
are sequentially transmitted to the receiving end by the 
corresponding uncompressed packet and compressed 
packets. 

[0131] For ©cample, when the transmission data 
(D1)-(D4) (refer to figure 4) which has been transmitted 
from the server Sin on the Internet (refer to figure 33(a)) 
by a transmission method such as the Ethernet, are 
input to the data transmission apparatus 101 as a first 
transmission signal SI, the reception unit 11 receives 
these transmission data (D1)-(D4) by the above- 
described transmission method. The received transmis- 
sion data (D1)-'(D4) are sequentially output to the 
packet formation unit 12 as a reception signal Src. 
[0132] In the packet formation unit 12, a packet for 
transmitting each transmission data to the receiving end 
is formed on the basis of a transmission protocol such 
as PPP At this time, the packet fomiation unit 12 
inquires of the compression/uncompresslon decision 
unit 13 about the type of a packet to be formed. On 
receipt of this inquiry, the decision unit 13 provides the 
packet formation unit 12 with a packet decision signal Jp 
indicating the packet type. 

[0133] To be specific, when the transmission data 
(D1) is input to the packet formation unit 12, since this is 
the time to form the first packet after starting communi- 
cation, the decision unit 13 outputs, as a packet deci- 
sion signal Jp, information indicating that an 
uncompressed packet is to be fomned, to the packet for- 
mation unit 12. 

[0134] Then, in the formation unit 12, formation of 
an uncompressed packet is decided on the basis of the 
packet decision signal Jp, and an uncompressed packet 
Pa(1) in which the transmission data (D1) is stored as 
the uncompressed data Ir is formed. 
[0135] At this time, "uncompressed" is set as the 
compression/uncompression identifier Ihl of the 
uncompressed packet Pa{1), and the identifier (ID=0) 
which indicates the uncompressed packet Pa(1) is set 
as the packet identifier Ih2a. Further, when the uncom- 
pressed packet Pa(1 ) has been formed in the formation 
unit 12, the reference information management unit 15 
sets the reference packet identifier (ID) and the refer- 
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ence data (D) as the tfBnsmitting-end reference infor- 
mation Im1, to the identifier (ID=0) indicating the 
uncompressed packet Pa(1 ) and the transmission data 
(D1) of the uncompressed packet Pa(1), respectively, 
according to a transmitting end management control 
signal Cml supplied from the formation unit 12. 
[0136] Then, the uncompressed packet Pa(1) is 
output to the packet transmission unit 1 6, and transmit- 
ted to the receiving end by a predetermined radio com- 
munication method such as W-CDMA. 
[0137] When the transmission data (D2) output 
from the reception unit 1 1 is input to the packet forma- 
tion unit 12, since this is not the time to form the first 
packet after starting communication nor the time to form 
the first packet after reception of a restoration error noti- 
fication signal from the receiving end, the decision unit 
13 outputs, as a packet decision signal Jp, infomriation 
indicating that a compressed packet is to be formed, to 
the packet formation unit 12. 

[0138] Then, the formation unit 12 inquires of the 
management unit 15 about the transmitting-end refer- 
ence information Iml. In this case, in the management 
unit 15. the reference packet identifier(ID) is set at the 
Identifier (ID=0) and the reference data (D) Is set at the 
transmission data (Dl). Therefore, In the packet forma- 
tion unit 12, the transmission data (D2) is compressed 
using, as reference data, the transmission data (D1) of 
the uncompressed packet Pa(1) indicated by the identi- 
fier (ID=0). Thereby, difference data (D1-D2) between 
the transmission data (D1) and the transmission data 
(D2) is generated as compressed data Id to be stored in 
the compressed packet 

[0139] Subsequently, the packet formation unit 12 
forms a compressed packet Pb(2) in which the different 
data (Dl -D2) is stored as compressed data Id of the 
transmission data (D2). In this compressed packet 
Pb(2), "compressed" is set as the compression/uncom- 
pression identifier Ih1, and the identifier (10=0) which 
indicates the uncompressed packet Pa(1) as a refer- 
ence packet required for restoration of this compressed 
packet Pb(2) is set as the reference packet Identifier 
ih2b. Further, when the compressed packet Pb{2) has 
been formed in the formation unit 12. the reference 
information management unit 15 does not update the 
reference packet identifier (ID) and the reference data 
(D) as the transmitting-end reference information Iml. 
[0140] This compressed packet Pb(2) is output to 
the packet transmission unit 16, and transmitted to the 
receiving end (mobile radio terminal) by a predeter- 
mined radio communication method such as W-CDMA. 
[0141] When the transmission data (D3) and (D4) 
output from the reception unit 1 1 are input to the packet 
formation unit 12, a compressed packet Pb(3) contain- 
ing difference data (D1-D3) and a compressed packet 
Pb(4) containing difference data (D1-D4) are formed, 
respectively, in the same manner as described for the 
transmission data (D2). 

[0142] Figure 6 is a flowchart for explaining the pro- 



cedure performed by the packet formation unit 12. 
[0143] When the transmission data (D) received by 
the reception unit 1 1 is input to the packet formation unit 
12 (step Sa1), the formation unit 12 inquires of the deci- 

5 slon unit 13 as to whether a packet to be formed is an 
uncompressed packet or a compressed packet (step 
Sa2), and the type of a packet to be formed is decided 
on the basis of a packet decision signal Jp supplied 
from the decision unit 13 (step Sa3). 

10 [0144] When an uncompressed packet is to be 
formed, the identifier (ID) is assigned as the packet 
identifier Ih2a to the uncompressed packet, and the 
uncompressed packet Pa Including the packet Identifier 
Ih2a is formed (step Sa7). Thereafter, according to an 

15 instruction from the packet formation unit 12 (transmit- 
ting-end management control signal Cml ), the transmit- 
ting-end reference infonnation Iml (I.e., the Identifier 
(ID) and the reference data (D)) which is stored in the 
reference Information management unit 15 is updated 

20 (step Sa8). 

[0145] On the other hand, when a compressed 
packet is to be formed, the packet formation "unit 12 
Inquires of the reference Information management unit 
15 as to whether the Identifier (ID) and the reference 

25 data (D) are stored as the transmitting-end reference 
infomnatlon Iml in the management unit 15 (step Sa4). 
Then, the data section Dpb of the compressed packet 
Pb is formed on the basis of the transmitting-slde refer- 
ence information Iml (i.e., the identifier (ID) and the ref- 

30 erence data (D)) supplied from the management unit 15 
(step Sa5). Further, the identifier (ID) is stored as the 
reference packet identifier Ih2b in the header section 
Hpb, together with other header information Ih3, 
whereby the compressed packet Pb is completed (step 

35 Sa6). 

[0146] Then, the uncompressed packet Pa or com- 
pressed packet Pb so formed is transmitted to the trans- 
mission unit 16 (step Sa9). Thereafter, the formation 
unit 12 returns to the process of step Sa2. 

40 [0147] The above-described process steps in the 
fomnatlon unit 12 are continued until transmission of the 
last transmission data is completed. 
[0148] Next, the operation of the data reception 
apparatus 201 in the data transmission system will be 

45 described. 

[0149] In the data reception apparatus 201, the 
uncompressed packet and the compressed packets 
transmitted from the transmitting end as shown in fig- 
ures 4 and 5 are sequentially received, and restoration 

50 for each packet is performed. 

[0150] To be specific, in the data reception appara- 
tus 201, the packet reception unit 21 sequentially 
receives the uncompressed packet Pa(1) and the com- 
pressed packets Pb(2)-Pb(4) which have been trans- 

55 mltted from the transmitting end, and the received 
packets Rp are sequentially input to the error packet 
detection unit 22. In the error packet detection unit 22, 
each received packet Rp is subjected to error detection. 
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When it is conformed that the received packet Rp has 
been normally transmitted, this packet Rp is output as a 
normal packet Pno to the packet restoration unit 23. On 
the other hand, when it is not conformed that the 
received packet Rp has been normally transmitted, this 5 
packet Rp is discarded. Although this first embodiment 
employs CRC (Cyclic Redundancy Check) as an error 
detection method, the error detection method is not 
restricted thereto. 

[0151] In the restoration unit 23, when the uncom- 10 
pressed packet Pa(1) is input as a normal packet Pno, it 
is detected whether the normal, packet Pno is a com- 
pressed packet or an uncompressed packet with refer- 
ence to the compression/uncompressed identifier Ih1 
included in the header section of the normal packet Pno. is 
In this case, since the normal packet Pno is the uncom- 
pressed packet Pa(1), the restoration unit 23 takes the 
transmission data (Dl) from the data section Dpa of the 
uncompressed packet Pa(1). 

[0152] Next, the receiving-end reference informa- 20 
tion Im2 (i.e., the identifier (ID) and the reference data 
(D)) which is stored in the management unit 25 is 
updated according to an instruction from the restoration 
unit 23 (receiving-end management control signal 
Cm2). Thereby, the identifier (ID) and the reference data 25 
(D) stored in the management unit 25 are updated to the 
identifier (ID=0) and the transmission data (D1 ), respec- 
tively. Thereafter, the restoration unit 23 sends the 
transmission data (Dl) as the restored data Irs to the 
output unit 26, and the output unit 26 outputs the trans- 30 
mission data (D1). 

[0153] Next, in the restoration unit 23, when the 
compressed packet Pb(2) is input as a normal packet 
Pno, it is detected whether the normal packet Pno is a 
compressed packet or an uncompressed packet with 3s 
reference to the compression/uncompression identifier 
Ihl included in the header section of the normal packet 
Pno. In this case, since the normal packet Pno is the 
compressed packet Pb(2), the restoration unit 23 
inquires of the reference information management unit 40 
25 as to whether the identifier (ID=0) which is included 
in this compressed packet as the reference packet iden- 
tifier Ih2b, and the corresponding reference data (D1) 
are stored in the management unit 25 or not. 
[0154] In this case, since the identifier (ID=0) and 45 
the corresponding reference data (Dl) are stored in the 
management unit 25, the restoration unit 23 restores 
the transmission unit (D2) of the compressed packet 
Pb(2) with reference to the reference data (D1) stored in 
the management unit 25 and the difference data (D1- so 
D2) stored in the compressed packet Pb(2). Thereafter, 
the transmission data (D2) is transmitted as the 
restored data Irs of the difference data (Dl -D2) from the 
restoration unit 23 to the output unit 26, and the trans- 
mission data (02) is output from the output unit 26. ss 
[0155] Thereafter, when the compressed packets 
Pb(3) and Pb{4) are input to the packet restoration unit 
23 as normal packets Pno, the transmission data {D3) 



and (D4) are generated as restored data Irs corre- 
sponding to the difference data (D1-D3) and (D1-D4), 
respectively, in the same manner as described for the 
compressed packet Pb(2). These transmission data 
(D3) and (D4) are output from the output unit 26. 
[0156] Further, when either the identifier (ID=1) 
which is stored in the nonnal packet Pno (compressed 
packet) inputted to the restoration unit 23 or the corre- 
sponding reference data (D1 ) is not stored in the man- 
agement unit 25, the restoration unit 23 discards the 
normal packet Pno (compressed packet) and outputs an 
en'or signal Se indicating that a restoration error has 
occurred, to the error notification unit 24. 
[01 57] On receipt of the error signal Se, the notifica- 
tion unit 24 notifies the transmitting end that the restora- 
tion error has occurred at the receiving end, by a 
restoration error notification signal Ne. 
[01 58] Figure 7 is a flowchart for explaining the pro- 
cedure performed in the packet restoration unit 23. 
[0159] When a normal packet Pno is transmitted 
from the error packet detection unit 22 to the packet res- 
toration unit 23 (step Sbl), it is detected whether the 
normal packet Pno is an uncompressed packet or a 
compressed packet (step Sb2). 

[0160] When the normal packet Pno is the uncom- 
pressed packet Pa, the uncompressed packet Pa is sub- 
jected restoration, i.e., the transmission data (D) is 
taken from the data section Dpa of the uncompressed 
packet Pa (step Sb6). Then, the identifier (ID) and the 
reference data (D) as the receiving-end reference infor- 
mation !m2 are updated according to an instruction from 
the packet restoration unit 23 (receiving-end manage- 
ment control signal Cm2) (step Sb7). Further, the trans- 
mission data (D) taken from the data section dpa of the 
uncompressed packet pa is sent to the output unit 26 
(step Sbl 0). 

[0161] On the other hand, when the normal packet 
Pno is the compressed packet pb, the packet restoration 
unit 23 inquires of the reference information manage- 
ment unit 25 as to whether the identifier (ID) and the ref- 
erence data (D) are stored as the receiving-end 
reference information Im2 in the management unit 25 
(steps Sb3). 

[0162] Next, it is decided whether the uncom- 
pressed packet (reference packet) required for restora- 
tion of the difference data in the compressed packet has 
been received or not (step Sb4). This decision is made 
by collating the identifier (ID) stored as the reference 
packet identifier lh2b in the compressed packet Pb and 
the corresponding transmission data (D). with the iden- 
tifier (ID) stored in the reference information manage- 
ment unit 25 and the corresponding reference data (D). 
[0163] When the uncompressed packet (reference 
packet) Pa for the compressed packet Pb has been 
received, the transmission data (D) of the compressed 
packet Pb is restored using the reference data (D) 
stored in the reference information management unit 25 
(step Sb5). Further, the restored transmission data (D) 
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is output to the output unit 26 (step SblO). Tliereafter, 
the restoration unit 23 returns the process of step Sb2. 
[0164] Based on the result of the decision in step 
Sb4, when the uncompressed packet (reference packet) 
for the received compressed packet has not been 
received, the packet restoration unit 23 discards the 
compressed packet Pb which is the received nomnal 
packet Pno (step Sb8). Then, the restoration unit 23 out- 
puts an error signal Se to the en-or notification unit 24. 
Thereafter, the restoration unit 23 returns to the process 
of step Sb2. 

[0165] These process steps by the restoration unit 
23 are continued until the last packet is received. 
[0166] As described above, according to the data 
transmission method of the first embodiment, when per- 
forming packet-by-packet data transmission by using 
uncompressed packets Pa each containing uncom- 
pressed transmission data and compressed packets 
each containing compressed transmission data, differ- 
ence data (AD) between the transmission data of a 
compressed packet Pb to be transmitted and transmis- 
sion data of an uncompressed packet Pa which has 
been transmitted most-recently is stored in the com- 
pressed packet Pb as compressed data Id. Therefore, 
so long as the uncompressed packet Pa has been nor- 
mally transmitted, even when a transmission error 
occurs in some compressed packet Pb, the difference 
data (AD) of compressed packets Pb which are nor- 
mally transmitted after the error packet can be restored 
using the transmission data of the uncompressed 
packet Pa. Therefore, the number of compressed pack- 
ets to be discarded due to the transmission error in the 
compressed packet is significantly reduced. As the 
result, the quality of data transmitted in the radio section 
is improved. In other words, the effective rate of data 
transmission is Improved, and the time and cost 
required for transmission of unrestorable packets are 
significantly reduced. 

[0167] While in this first embodiment only one refer- 
ence packet identifier (ID) Ih2b is included in the header 
section Hpb of each compressed packet Pb, a plurality 
of reference packet identifiers (ID) may be included in 
the header section Hpb. In this case, however, a plural- 
ity of uncompressed packet must be transmitted contin- 
uously. 

(Modification 1 of Embodiment 1) 

[0168] Figure 8(a) shows the data structure of an 
uncompressed packet Paa which is used when a com- 
pressed packet includes two reference packet identifiers 
(ID). In this case, the uncompressed packet Paa is 
transmitted twice continuously. 

[0169] The uncompressed packet Paa is composed 
of a header section Hpaa which contains header infor- 
mation, and a data section Dpaa which contains trans- 
mission data (D) to be transmitted as uncompressed 
data Ir by PPR The infomnation in the header section 



Hpaa is composed of a compression/uncompression 
identifier Ih1, a packet identifier (ID) Ih2a. and other 
header information Ih3. The identifier Ihl of this uncom- 
pressed packet Paa indicates "uncompressed". 
5 [0170] Figure 8(b) shows the data structure of a 
compressed packet Pbb including two reference packet 
identifiers (ID). 

[0171] This compressed-packet Pbb is composed 
of a header section Hpbb which contains header Infor- 

10 mation, and a data section Dpbb which contains first 
and second compressed data Id1 and Id2 to be trans- 
mitted by PPR The Information in the header section 
Hpbb is composed of a compression/uncompression 
identifier Ih1 , first and second reference packet identifi- 

15 ers (ID1,ID2) Ih2b1 and Ih2b2 for identifying uncom- 
pressed packets as reference packets, and other 
header information Ih3. The identifier Ihl of this com- 
pressed packet Pbb indicates "compressed". The sec- 
ond compressed data Id2 is difference data (A2D) 

20 between the transmission data of the compressed 
packet Pbb and transmission data of an uncompressed 
packet which has been transmitted most-recently. Fur- 
ther, the first compressed data Idl is difference data 
(AID) between the transmission data of the com- 

25 pressed packet Pbb and transmission data* of an 
uncompressed packet Paa which has been transmitted 
previously to the most-recently-transmitted uncom- 
pressed packet Paa. 

[0172] In this case, the transmission data 
30 (D1 )-'(D4) shown in figure 4 are transmitted as follows. 
[0173] Figure 9 shows the flow of plural packets 
from the transmitting end to the receiving end in the nor- 
mal transmission state. 

[0174] In this first modification of the first embodi- 
es ment, the transmission data (D1) and (D2) are not com- 
pressed and sequentially transmitted by uncompressed 
packets Paa(1) and Paa{2), and the transmission data 
(D3) and (D4) are compressed and sequentially trans- 
mitted by compressed packets Pb(3) and Pb(4) which 
40 follow the uncompressed packet Paa(2). 

[0175] At the transmitting end, initially, the uncom- 
pressed packet Paa(1) is generated to be transmitted to 
the receiving end. At this time, the transmission data 
(D1) is stored as the uncompressed data Ir in the data 
45 section Dpaa of the uncompressed packet Paa(1). Fur- 
ther, the identifier Ih1 indicating "uncompressed", the 
packet identifier (ID=0) Ih2a for identifying this packet, 
and other header information Ih3 are stored in the 
header section Hpaa of the uncompressed packet 
50 Paa(1 ). 

[0176] Next, the uncompressed packet Paa(2) is 
generated to be transmitted to the receiving end. At this 
time, the transmission data (D2) is stored as the uncom- 
pressed data Ir in the data section Dpaa of the uncom- 
55 pressed packet Paa(2). Further, the identifier Ihl 
indicating "uncompressed", the packet identifier (ID=0) 
ih2a for identifying this packet, and other header infor- 
mation Ih3 are stored in the header section Hpaa of the 
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uncompressed packet Paa(2). 

[0177] Thereafter, the compressed packet Pbb(3) is 
generated to be transmitted to the receiving end. At this 
time, the first and second compressed data Idl and Id2 
corresponding to the transmission data (D3) are stored 
in the data section Dpbb of the compressed packet 
Pbb(3). Further, the identifier Ih1 indicating "com- 
pressed", the first reference packet identifier (ID=0) 
Ih2b1, the second reference packet Identifier (1D=1) 
Ih2b2, and other header information Ih3 are stored in 
the header section Hpbb of the uncompressed packet 
Pbb(3). 

[0178] The first compressed data Id1 is difference 
data (Dl -D3) which is obtained by subtracting the trans- 
mission data (D3) of the compressed packet Pbb(3) 
from the transmission data {D1) of the uncompressed 
packet Paa(1) by using this packet Paa(1) as a refer- 
ence packet. Further, the second compressed data Id2 
is difference data {D2-D3) whicfi is obtained by subtract- 
ing the transmission data (D3) of the compressed 
packet Pbb{3) from the transmission data (D2) of the 
uncompressed packet Paa(2) by using this packet 
Paa(2) as a reference packet. 

[0179] Further, the compressed packet Pbb(4) is 
generated to be transmitted to the receiving end. At this 
time, the first and second compressed data !d1 and Id2 
corresponding to the transmission data (D4) are stored 
in the data section Dpbb of the compressed packet 
Pbb(4). Furtlier, the identifier Ihl indicating "com- 
pressed", the first reference packet identifier (ID=0) 
Ih2b1, the second reference packet identifier (1D=1) 
Ih2b2, and otlner header information Ih3 are stored in 
the header section Hpbb of the uncompressed packet 
Pbb(4). 

[0180] The first compressed data Id1 is difference 
data (Dl -D4) which is obtained by subtracting the trans- 
mission data (D4) of the compressed packet Pbb(4) 
from the transmission data {D1) of the uncompressed 
packet Paa(1) by using this packet Paa(1) as a refer- 
ence packet. Further, the second compressed data Id2 
Is difference data (D2-D4) which is obtained by subtract- 
ing the transmission data (D4) of the compressed 
packet Pbb(4) from the transmission data (D2) of the 
uncompressed packet Paa(2) by using this packet 
Paa(2) as a reference packet. 

[0181] The first packet identifier (ID=0) Ih2b1 stored 
in the header section Hpbb of each of the compressed 
packets Pbb(3) and Pbb(4) indicates that the reference 
packet is the uncompressed packet Paa(1). Likewise, 
the second packet identifier (ID=1) Ih2b2 stored in the 
header section Hpbb of each of the compressed pack- 
ets Pbb{3) and Pbb(4) indicates that the reference 
packet is the uncompressed packet Paa(2). 
[0182] The uncompressed packets Paa(1) and 
Paa(2) and the following compressed packets Pbb(3) 
and Pbb(4), which have been sequentially transmitted 
from the transmitting end, are sequentially received at 
the receiving end in the normal data transmission state, 



and the transmission data (D1)-(D4) corresponding to 
the respective packets are restored. 
[0183] That is, at the receiving end, when the 
uncompressed packets Paa(1) and paa(2) are received, 

5 the transmission data (D1) and (D2) are taken from the 
data sections Dpaa. When the compressed packet 
Pbb(3) is received at the receiving end, the second dif- 
ference data {D2-D3) is taken from the data section 
Dpbb, and the transmission data (D3) of the com- 

10 pressed packet Pbb(3) is restored from the difference 
data (D2-D3) with reference to the transmission data 
(D2) of the second uncompressed packet Paa(2) which 
is specified by the second reference packet identifier 
(10=1) Ih2b2. 

15 [0184] Thereafter, when the compressed packet 
Pbb(4) is received at the receiving end, in like manner 
as described for the compressed packet Pbb(3), the dif- 
ference data (D2-D4) is taken from its data section 
Dpbb, and the transmission data (04) of the com- 

20 pressed packet Pbb(4) is restored from the difference 
data (02 -04) with reference to the transmission data 
(02) of the uncompressed packet Paa(2) which is spec- 
ified by the second reference packet identifier (10=1) 
Ih2b2. 

25 [0185] Since the uncompressed packets Paa(1) 
and Paa(2) which are reference packets for the com- 
pressed packets Pbb(3) and Pbb(4) are normally 
received, the uncompressed packet Paa(2) which Is 
nearer to these compressed packets is used as a refer- 
ee ence packet. However, when a transmission error 
occurs in the uncompressed packet Paa(2), the previ- 
ous uncompressed packet Paa(1) is used as a refer- 
ence packet to perform restoration of the compressed 
packets. 

35 [0186] As described above, in this first modification 
of the first embodiment, two uncompressed packets 
Paa are continuously transmitted and, thereafter, a 
compressed packet Pbb is transmitted, which contains 
difference data (A1 0) and (A2D) based on the transmis- 

40 sion data of these uncompressed packets, and first and 
second reference packet identifiers (I01,1D2) Ih2b1 and 
Ih2b2 which indicate that the uncompressed packets 
Paa are reference packets. Therefore, the compressed 
packet can be restored so long as at least one of the 

45 identifiers (101 ) and (102) in the compressed packet and 
the reference data corresponding to this identifier are 
stored in the reference information management unit 
25. In other words, the number of compressed packets 
to be discarded due to a transmission error of an 

50 uncompressed packet Is reduced. 

[0187] In the first embodiment, the compres- 
sion/uncompression decision unit 1 3 in the data trans- 
mission apparatus 101 controls the packet formation 
unit 12 so that an uncompressed packet is formed 

55 immediately after communication has started or a resto- 
ration error signal Ne from the error notification recep- 
tion unit 14 has been received and, thereafter, 
compressed packets are continuously fonned until a 
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next restoration error signal Ne is received. However, 
the construction of the decision unit 13 is not restricted 
thereto, and it nnay control the packet fomiation unit 12 
so that an uncompressed packet is transmitted periodi- 
cally. 

[0188] In this case, in the state where there is no 
restoration error notification from the receiving end, the 
decision unit 13 instructs the packet formation unit 12 to 
from one uncompressed packet every time a predeter- 
mined number of compressed packet have been trans- 
mitted. For example, when the number of compressed 
packets, which is predetermined as the uncompressed 
packet transmission cycle, is three, transmission of one 
uncompressed packet and transmission of following 
three compressed packets are repeated. 
[0189] Hereinafter, the effect obtained by the 
above-described construction will be described briefly. 
[0190] Video data, audio data, and header informa- 
tion of a TCP/IP or UDP/IP packet required to transmit 
these data, are stored as transmission data in the data 
sections Dpa and Dpb of the PPP packets to be trans- 
mitted by the PPP (i.e., the packets shown in figures 
1(a) and 1(b)). 

[0191] Although a difference (difference data) in the 
video data, the audio data, or the header information 
between two adjacent packets is very small or 0 in many 
cases, a difference between distant packets tends to be 
large. Therefore, by periodically transmitting an uncom- 
pressed packet, the quality of data transmitted by radio 
is improved, and the average of the above- described 
difference data is reduced, that is, the compression effi- 
ciency of data in the data section is improved. 
[0192] Further, the compression/uncompresslon 
decision unit 1 3 in the data transmission apparatus 1 01 
of the first embodiment may be constructed as follows. 
That is, the decision unit 1 3 obtains the average size m 
of difference data stored in the data section of each 
compressed packet, and controls the packet formation 
unit 12 so as to transmit an uncompressed packet when 
this size m exceeds a predetermined value x. 
[0193] TTie average size in Is obtained by averaging 
the difference data of plural compressed packets which 
have been transmitted from when the latest uncom- 
pressed packet was transmitted to the present point of 
time. More specifically, when four compressed packets 
have been transmitted from when the latest uncom- 
pressed packet was transmitted to the present point of 
time and the sizes of difference data of these four com- 
pressed packets are "2", "4", "4", and "6", respectively, 
the average size m of difference data at the present 
point of time is 4 (=(2+4+4+6)/4). 
[01 94] Also in this case, the quality of data transmit- 
ted by radio is improved, and the average of difference 
data is reduced, that is, the compression efficiency of 
data in the data section is improved. 
[0195] Measurement of the average size m of the 
difference data may be performed in the data receiving 
apparatus 201. 



[0196] To be specific, at the receiving end, the 
packet restoration unit 23 measures the average size m 
of difference data, and outputs a size excess signal to 
the error notification transmission unit 24 when the aver- 

5 age size m exceeds a predetermined value x. Further, 
the error notification transmission unit 24 outputs a res- 
toration en-or signal Ne to the transmitting end on 
receipt of the error signal Se and, moreover, it outputs a 
request signal for transmission of an uncompressed 

10 packet, to the transmitting end, on receipt of the size 
excess signal. 

[0197] At the transmitting end, the error notification 
reception unit 14 in the data transmission apparatus 
101 outputs an error notification reception signal Sn to 

15 the compression/uncompression decision unit 13 not 
only when receiving the restoration error signal Ne but 
also when receiving the packet reguest signal. 
[0198] Further, transmission of the uncompressed 
packet may be performed not when the average size m 

20 of difference data exceeds the predetermined value x 
but when a compressed packet in which the size of dif- 
ference data exceeds a predetermined value x is trans- 
mitted or received. 

[0199] For example, in the data transmission appa- 
25 ratus 101, when the size of compressed data included 
in a compressed packet to be transmitted exceeds a 
predetermined value, an uncompressed packet is trans- 
mitted subsequently to this compressed packet. 
[0200] Further, in the data reception apparatus 201 , 
30 when the size of compressed data included in a com- 
pressed packet to be restored exceeds a predetemnined 
value, a request for transmission of an uncompressed 
packet is output to the transmitting end. In the data 
transmission apparatus 101, on receipt of this request 
35 from the receiving end, an uncompressed packet is 
transmitted to the receiving end. 

(Modification 2 of Embodiment 1) 

40 [0201] In the first embodiment, as shown in figures 
1 (a) and 1 (b), the data section Dpb of the compressed 
packet Pb contains difference data (AD) between the 
whole transmission data of this compressed packet Pb 
and the whole transmission data of the uncompressed 

45 packet Pa. However, the data section Dpb of the com- 
pressed packet Pb may contain data obtained by com- 
pressing only a part of the transmission data of the 
compressed packet. 

[0202] That is, the transmission data is separated 
50 into data to be compressed (hereinafter referred to as 
"compression target data" or "target data") and data not 
to be compressed (hereinafter referred to as "non-target 
data"), and difference data between the compression 
target data of the uncompressed packet and the com- 
55 pression target data of the compressed packet is stored 
in the data section of the compressed packet and, fur- 
ther, the non-target data of the compressed packet is 
also stored in the data section. 
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[0203] Figure 1 0(a) shows the data structure of an 
uncompressed packet PC which is used when transmis- 
sion data is composed of compression target data and 
non-target data. 

[0204] The uncompressed packet Pc is composed 
of a header section Hpc containing header information, 
and a data section Dpc containing uncompressed data 
Ir to be transmitted by PPR The information in the 
header section Hpc is composed of a compres- 
sion/uncompression identifier Ihl indicating whetherthe 
data in the data section is compressed or not, a packet 
identifier (ID) Ih2a for identifying this uncompressed 
packet, and other header information !h3. In the data 
section Dpc, compression target data which is not com- 
pressed (hereinafter referred to as uncompressed tar- 
get data), and non-target data Inc are stored. The 
uncompressed target data is composed of three pieces 
of item-basis uncompressed data Ira, Irb, Ire corre- 
sponding to first, second, and third items to be com- 
pressed (hereinafter referred to as target items). More 
specifically, the three pieces of item-basis uncom- 
pressed data Ira, Irb, and Ire are transmission data (Da), 
(Db), and (Dc) con-esponding to the first, second, and 
third target items in the uncompressed packet. 
[0205] Figure 10(b) shows the data structure of a 
compressed packet Pd which is used when transmis- 
sion data is composed of compression target data and 
non-target data. 

[0206] The compressed packet Pd is composed of 
a header section Hpd containing header information, 
and a data section Dpd containing partially compressed 
data to be transmitted by PPR The information in the 
header section Hpd is composed of a compres- 
sion/uncompression identifier Ih1 indicating whetherthe 
data in the data section is compressed or not, a refer- 
ence packet identifier (ID) Ih2b tor identifying a refer- 
ence packet, and other header information Ih3. 
[0207] In the data section Dpd, compression target 
data which is compressed (hereinafter referred to as 
compressed target data) and non-target data Inc are 
stored. The compressed target data is composed of 
three pieces of item-basis compressed data Ida, Idb, 
and Idc corresponding to first, second, and third items to 
be compressed (hereinafter referred to as "target 
items"). To be specific, the compressed data Ida is dif- 
ference data (ADa) between the data (Da) correspond- 
ing to the first target item in the transmission data of the 
uncompressed packet and the data (Da) corresponding 
to the first target item in the transmission data of the 
compressed packet. The compressed data idb is differ- 
ence data (ADb) between the data (Db) corresponding 
to the second target item in the transmission data of the 
uncompressed packet and the data (Db) corresponding 
to the second target item in the transmission data of the 
compressed packet. The compressed data Idc is differ- 
ence data (ADc) between the data (Dc) corresponding 
to the third target item in the transmission data of the 
uncompressed packet and the data (Dc) corresponding 



to the third target item in the transmission data of the 
compressed packet. 

[0208] In this case, in the data transmission appara- 
tus 101, the reference information management unit 15 

5 tables the reference packet identifier (ID), the respective 
compression target items, and the data corresponding 
to the respective target items in the reference data 
(item-basis reference data), and stores this table. 
[0209] Further, also in the data reception apparatus 

10 201. the reference information management unit 25 
tables the reference packet identifier (ID), the respective 
compression target items, and the item-basis reference 
data, and stores the table. 

[0210] In the above-described construction, since 
75 the transmission data is compressed for each compres- 
sion target item, the storage capacity of a memory, such 
as a RAM, mounted on the management unit 15 or 25 
can be reduced while maintaining the effect of reducing 
a predetermined quantity of data by data compression. 

20 

(Modification 3 of Embodiment 1) 

[021 1 1 In the above-described first embodiment and 
the first and second modifications thereof, the data sec- 

25 tion of each compressed packet contains, as data 
obtained by compressing the whole or a part of trans- 
mission data of the compressed packet, difference data 
between the whole or a part of the transmission data of 
the uncompressed packet and the whole or a part of the 

30 transmission data of the compressed packet. However, 
instead of the difference data or in addition to the differ- 
ence data, difference-specifying additional information 
(K) for calculating the difference data may be stored in 
the header section or the data section of the com- 

35 pressed packet. 

[0212] For example, in the compressed packet Pb 
shown in figure 1(b), in stead of the difference data, dif- 
ference-specifying additional information (K) for calcu- 
lating this difference data may be stored. 

40 [0213] In the compressed packet Pd shown in figure 
1 0(b), instead of the difference data corresponding to at 
least one item-basis compressed data amongst the plu- 
ral pieces of item-basis compressed data, difference- 
specifying additional information (K) for calculating this 

45 difference data may be stored. 

[0214] Figures 11(a) and 11(b) are diagrams for 
explaining the data structure of a packet which is used 
in the case where difference-specifying additional infor- 
mation (K) is stored in a compressed packet. 

50 [0215] Figures 1 1 (a) and 1 1 (b) illustrate an uncom- 
pressed packet Pe and a compressed packet Pf to be 
used in this case, respectively. 

[0216] The uncompressed packet Pe is composed 
of a header section Hpe containing header information, 
55 and a data section Dpe containing transmission data to 
be transmitted by PR P. The packet Pe has the same 
structure as the uncompressed packet Pc shown in fig- 
ure 10(a). 
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[021 7] The compressed packet Pf is composed of a 
header section Hpf containing header information, and 
a data section Dpf containing partially compressed data 
to be transmitted by P PP. The header section Hpf con- 
tains difference-specifying additional information (K) Ih4 
in addition to a compression/uncompression Identifier 
Ih1, a reference packet identifier (ID) Ih2b, and other 
header infomnation Ih3 which are identical to those 
mentioned for the, compressed packet Pd shown in fig- 
ure 10(b). Further, the data section Dpf contains three 
pieces of item-basis compressed data Ida, Idb, and Idc 
corresponding to first, second, and third items, and no n- 
target data Inc. which are identical to those mentioned 
for the compressed packet Pd shown in figure 10(b). 
[0218] The difference-specifying additional informa- 
tion (K) is a sequence number indicating the position of 
the compressed packet, counted from the uncom- 
pressed packet which is referred to for restoration of the 
compressed packet. Further, difference data (ADa) and 
(ADb) as the item-basis compressed data Ida and Idb 
are equal to the difference-specifying additional infor- 
mation (K) and, therefore, the data size of the difference 
data (ADa) and (ADb) is 0 byte. 

[0219] Hereinafter, a description will be given of the 
case where the difference-specifying additional infor- 
mation (K) is stored in the compressed packet, taking 
data transmission using RTP (Real Time Protocol) as 
an example. 

[0220] To be specific, a description will be given of 
the case where video data or audio data is converted to 
RTP type data according to RTP defined in 
RFC1 889/1 890, and the RTP type data is converted to 
UDP/IP type data according to UDP and IP, and then the 
RTP/UDP/IP type data is transmitted from the data 
transmission terminal 1 01 to the data reception terminal 
201. The RTP/UDP/IP type data con-esponds to the IP 
packet Pipb shown in figure 29(d). 
[0221] Usually, the sequence number Isn included 
in the header Hrtp of the RTP packet Prtp (refer to figure 
29(a)) increments by 1 every time one RTP packet is 
formed. Further, the packet ID (IPv4 (Internet Protocol 
version 4) ID, not shown) included in the header Hipb of 
the IP packet Pipb also increments by 1 every time one 
IP packet is formed. When these values are stored as 
difference data in a compressed packet, these values 
can be set at 0 if the position of the compressed packet, 
counted from an uncompressed packet as a reference 
packet for the compressed packet, can be detected. 
[0222] In other words, when the sequence number 
Isn in the header section Hrtp of the RTP packet Prtp is 
stored as simple difference data in the compressed 
packet, at least 1 byte is always needed as the data 
quantity of the sequence number Isn. However, by using 
the above-described difference -specifying additional 
information, the size of the difference data correspond- 
ing to the sequence number Isn becomes 0 byte, 
whereby the compression efficiency is improved. 
[0223] For example, when the size of the difference- 
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specifying additional information (K) is 1 byte, the size of 
the difference data of the sequence number Isn in the 
header section Hrtp of the RTP packet Prtp is usually 0 
byte, and the sum of the difference-specifying additional 
5 infbnnation and the difference data is usually 1 byte. In 
this case, even when the difference-specifying addi- 
tional information (K) is used, the data quantity of the 
RTP packet does not change. 

[0224] However, when plural pieces of compression 

10 target data which can be restored using the same calcu- 
lation method as the above-described one (i.e., addition 
of the difference-specifying additional information and 
the difference data) are included in the transmission 
data, for example, when there are two kinds of informa- 

75 tion such as the sequence number in the header section 
of the RTP packet and the IPv4 ID in the header section 
of the IP packet, substantial effect is obtained by using 
the difference-specifying additional information, 
whereby the compression efficiency is significantly 

20 improved. 

[0225] Further, an arithmetic expression having the 
above-described difference-specifying additional infor- 
mation as a variable may be used for obtaining differ- 
ence data of a compressed packet to be processed, 

25 from transmission data of a reference packet (uncom- 
pressed packet) used for restoration of the compressed 
part. 

[0226] As for the arithmetic expression, for exam- 
ple, there is an expression which defines four rules 

30 (addition, subtraction, multiplication, division) or func- 
tional arithmetic such as sin and cos. 
[0227] Further, the arithmetic expression having the 
difference-specifying additional information as a varia- 
ble may be dynamically changed during data transmis- 

35 sion according to a predetermined rule even though it is 
previously decided at the transmitting end and the 
receiving end. Thereby, the compression efficiency of 
transmission data stored in the data section of the PPP 
packet is further improved, and the quality of data trans- 

40 mitted by radio and the effective transmission rate are 
further improved. 

[Embodiment 2] 

45 [0228] Figure 1 2 is a block diagram for explaining a 
data transmission method according to a second 
embodiment of the present invention, illustrating a data 
transmission apparatus 1 02 in a data transmission sys- 
tem using this data transmission method. This second 

50 embodiment corresponds to Claims 1, 2, 10-12, 
1 8-21 . 32, 33, 36, and 37. 

[0229] The data transmission apparatus 102 
includes, in addition to the constituents of the data 
transmission apparatus 101 of the first embodiment, a 
55 monitor unit 31 which monitors the number of times that 
an uncompressed packet output from the com- 
pressed/uncompressed packet formation unit 12 is 
transmitted to the receiving end. The monitor unit 31 
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receives packets from the packet formation unit 12, and 
continuously outputs the sanne uncompressed packet 
Pa by a predetermined number of times (in the second 
embodiment, two times) to the packet transmission unit 
16. and then outputs compressed packets Pb which fol- 
low the uncompressed packet Pa, to the packet trans- 
mission unit 16. Other constituents of the data 
transmission apparatus 102 are identical to those of the 
data transmission apparatus 101 of the first embodi- 
ment. 

[0230] A data reception apparatus in the data trans- 
mission system of this second embodiment is identical 
to the data reception apparatus 201 In the data trans- 
mission system of the first embodiment 
[0231] Next, the function and effect will be 
described. 

[0232] in the data transmission apparatus 102 of 
this second embodiment the number of times that the 
uncompressed packet Pa is transmitted is monitored by 
the monitor unit 31 . For example, as shown in figure 13, 
when an uncompressed packet Pa(1) is output from the 
packet formation unit 12 to the monitor unit 31 , the mon- 
itor unit 31 outputs the same uncompressed packet 
Pa(1 ) twice to the packet transmission unit 1 6. Thereaf- 
ter, compressed packets Pb(2), Pb(3), and Pb(4) which 
follow the uncompressed packet Pb(1) are sequentially 
output to the packet transmission unit 1 6. In the packet 
transmission unit 1 6, those packets supplied from the 
monitor unit 31 are sequentially output by a predeter- 
mined radio transmission method such as W-CDMA. 
[0233] The other constituents of the data transmis- 
sion apparatus 102 operate in the same manner as 
described for the first embodiment. 
[0234] On the other hand, in the data reception 
apparatus, when the continuously-transmitted two 
uncompressed packets Pa(1) are normally received, the 
reference infomnation management unit 25 updates the 
identifier (ID) and the reference data (D). Therefore, 
when the following compressed packets Pb(2), Pb(3), 
and Pb(4) are received, the identifier (1D=0) and the ref- 
erence data (D1) stored In the management unit 25 are 
referred to. 

[0235] Even when one of the two uncompressed 
packets Pa(1) has not arrived at the receiving end due 
to a transmission error, the normally transmitted packet 
Pa(1) is input to the packet restoration unit 23 through 
the error packet detection unit 22. Therefore, in the ref- 
erence information management unit 25, the identifier 
(ID) and the reference data (D) which are the receiving- 
end reference infomnation Im2 are updated to those cor- 
responding to the uncompressed packet Pa(1). 
[0236] As described above, according to the sec- 
ond embodiment of the invention, the uncompressed 
packet Pa is continuously transmitted twice and, there- 
after, the following compressed packets Pb are trans- 
mitted. So, even when a transmission error occurs, in 
one of the two uncompressed packets Pa, the difference 
data of the following compressed packets are normally 



restored at the receiving end. Therefore, the number of 
received packets to be discarded due to a restoration 
en-or at the receiving end is reduced, whereby the qual- 
ity of data transmitted by radio is improved. 
5 [0237] While in this second embodiment the 
uncompressed packet is transmitted twice, it may be 
transmitted three time or more. 

[0238] Further, in this second embodiment, the 
monitor unit 31 manages transmission of the uncom- 

10 pressed packet so that the uncompressed packet itself 
is transmitted by plural times. However, the monitor unit 
31 may control, after transmission of the uncompressed 
packet, transmission of an auxiliary packet so that it is 
transmitted by a predetermined number of times (at 

15 least one time), which auxiliary packet is different from 
the uncompressed packet and contains the packet iden- 
tifier (ID) and the transmission data (D) of the uncom- 
pressed packet. 

[0239] In this case, the packet formation unit 12 
20 fomris, after formation of the uncompressed packet, an 
auxiliary packet which contains the packet identifier (ID) 
and transmission data (D) of the uncompressed packet. 
Thereafter, a plurality of compressed packets based on 
the uncompressed packet (i.e., compressed packets 
25 containing different data obtained by using the transmis- 
sion data of the uncompressed packet) are formed. The 
uncompressed packet the auxiliary packet, and the 
compressed packets are supplied to the monitor unit 31 
in this order. In the monitor unit 31 , initially the uncom- 
30 pressed packet is transmitted and then the auxiliary 
packet is transmitted by a predetermined number of 
times. Thereafter, the compressed packets are sequen- 
tially transmitted. 

[0240] In this construction, by using one uncom- 
35 pressed packet and a predetermined number (at least 
one) of auxiliary packets, the reference packet identifier 
and the reference data are transmitted at least two 
times before the compressed packets based on the 
uncompressed packet are transmitted. Therefore, even 
40 when a transmission error occurs in any of these 
uncompressed packet and auxiliary packets, the differ- 
ence data of the subsequent compressed packets are 
normally restored at the receiving end. 
[0241] Thereby, the number of received packets to 
45 be discarded due to a restoration en-or at the receiving 
end is reduced, and the quality of data transmitted by 
radio is improved. 

[0242] While in this second embodiment the 
uncompressed packet or the auxiliary packet is trans- 

50 mitted by a predetermined number of times, the number 
of times may be changed according to the frequency of 
restoration error notification which is sent from the 
receiving end to the transmitting end. 
[0243] For example, when the number of times that 

55 the uncompressed packet is transmitted is changed, in 
the compression/uncompression decision unit 13, the 
number of times per unit time that the error notification 
reception signal Sn from the error notification reception 
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unft 14 is input, is counted, and this count is compared 
with a predetermined reference value Y. According to 
the result of the connparison, a control signal for control- 
ling the number of transmission times is output to the 
monitor unit 31. In the monitor unit 31. on the basis of 
this control signal, the number of times that the uncom- 
pressed packet or the auxiliary packet Is transmitted Is 
increased or decreased. To be specific, when the count 
exceeds the reference value Y, the number of transmis- 
sion times is increased, and when the count becomes 
equal to or lower than the reference value Y, it is 
decreased. 

[0244] In this construction, when the quality of the 
transmission data is relatively stable, the transmission 
efficiency can be improved by decreasing the number of 
times that the uncompressed packet or the auxiliary 
packet is transmitted. When the quality of the transmis- 
sion data is unstable, the number of packets to be dis- 
carded at the receiving end due to a restoration error 
can be reduced by increasing the number of transmis- 
sion times. 

[Embodiment 3] 

[0245] Figures 1 4 and 15 are diagrams for explain- 
ing a data transmission method according to a third 
embodiment of the present invention. This third embod- 
iment comesponds to Claims 1, 2, IS^-IS, 18-21, 32. 
33. 36, and 37. 

[0246] Figure 14 is a block diagram illustrating a 
data transmission apparatus 1 03 in a data transmission 
system which performs data transmission by the data 
transmission method. 

[0247] The data transmission apparatus 103 
includes, in addition to the constituents of the data 
transmission apparatus 1 01 of the first embodiment, an 
ECC (Error Correction Code) addition unit 32 which 
receives an uncompressed packet Pa and a com- 
pressed packet Pb output from the compressed/uncom- 
pressed packet formation unit 12, and gives an ECC to 
the uncompressed packet Pa. The ECC-added uncom- 
pressed packet Pac which is obtained in the unit 32 and 
the compressed packet Pb which has passed the unit 
32 are input to the packet transmission unit 1 6. Other 
constituents of the data transmission apparatus 103 are 
identical to those of the data transmission apparatus 
1 01 of the first embodiment. 

[0248] Figure 15 is a block diagram illustrating a 
data reception apparatus 203 in the data transmission 
system which performs data transmission by the data 
transmission method of this third embodiment. 
[0249] The data reception apparatus 203 of this 
third embodiment includes, in addition to the constitu- 
ents of the data reception apparatus 201 of the first 
embodiment, an error correction unit 41 which receives 
the packets Rp output from the packet reception unit 21 , 
and performs error correction on the ECC-added 
uncompressed packet Pac. The error correction unit 41 



outputs the compressed packet to which no ECC is 
added, as it is. The packets output from the error correc- 
tion unit 41 are input to the error packet detection unit 
22. Other constituents of the data reception apparatus 
5 203 are identical to those of the data reception appara- 
tus 201 of the first embodiment. 
[0250] Next, the function and effect will be 
described, 

[0251] In the data transmission apparatus 1 03 con- 

/o structed as described above, when the uncompressed 
packet Pa fornied in the packet formation unit 12 (i.e., 
the packet containing reference data to be used for res- 
toration of the compressed packets) is input to the ECC 
addition unit 32, the ECC addition unit 32 adds an ECC 

15 to the uncompressed packet Pa, and outputs the ECC- 
added uncompressed packet Pac to the packet trans- 
mission unit 16. When the compressed packet Pb 
fomned in the packet formation unit 12 is input to the 
ECC addition unit 32, the unit 32 does not process this 

20 compressed packet Pb, and outputs it to the packet 
transmission unit 16. Other constituents of the data 
transmission apparatus 1 03 operate in the same man- 
ner as described for the data transmission apparatus 
101 of the first embodiment. 

25 [0252] On the other hand, in the data reception unit 
203. when the received packets Rp output from the 
packet reception unit 21 are input to the error correction 
unit 41, the ECC-added uncompressed packet Pac is 
subjected to error correction and output to the error 

30 packet detection unit 22, while the compressed packet 
Pb to which no ECC is added is output as it is to the 
error packet detection unit 22. Other constituents of the 
data reception unit 203 operate in the same manner as 
described for the data reception unit 201 of the first 

35 embodiment. 

[0253] As described above, according to the third 
embodiment, an ECC is added to the uncompressed 
packet Pa at the transmitting end, and the ECC-added 
uncompressed packet Pac is transmitted to the receiv- 

40 ing end. At the receiving end, the ECC-added uncom- 
pressed packet Pac is subjected to error correction 
using the ECC. Therefore, even when transmission 
errors occur, most uncompressed packets are recov- 
ered at the receiving end, thereby suppressing occur- 

45 rence of defective uncompressed packets due to 
transmission errors. 

[0254] Therefore, the number of received packets to 
be discarded due to a restoration error in the com- 
pressed packet that follows the uncompressed packet is 
50 reduced, and the quality of data transmitted by radio is 
improved. 

[0255] While in this third embodiment an ECC is 
added to the uncompressed packet itself, an ECC may 
be added to a part of the uncompressed packet, i.e., a 
55 part including reference information (identifier (ID) and 
reference data (D)) which is required for restoration of 
the following compressed packets. 
[0256] In this case, at least the identifier (ID) and 
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the reference data (D) which are required for restoration 
of the compressed packets, are subjected to error cor- 
rection at the receiving end. 

[0257] Thereby, the number of received packets to 
be discarded due to a restoration error in the com- 
pressed packet which follows the uncompressed packet 
Is reduced, and the quality of data transmitted by radio 
is improved. 

[0258] Further, while in this third embodiment an 
ECC is added to every uncompressed packet, it may be 
decided whether an ECC is to be added to the uncom- 
pressed packet or not, according to the frequency of 
restoration error notification which is performed from the 
receiving end to the transmitting end. 
[0259] In this case, in the compression/uncompres- 
sion decision unit 13, the number of times per unit time 
that the error notification reception signal Sn from the 
error notification reception unit 14 is input, is counted, 
and the count is compared with a predetermined refer- 
ence value Y. According to the result of the comparison, 
an error correction control signal is output to the forma- 
tion unit 12. According to the enx)r correction control sig- 
nal, the fomnation unit 12 notifies the ECC addition unit 
32 as to whether an ECC is to be added to the uncom- 
pressed packet or not. To be specific, when the count 
exceeds the reference value Y, the ECC addition unit 32 
adds an ECC to the uncompressed packet and outputs 
it. When the count is equal to or lower than the refer- 
ence value Y, the ECC addition unit 32 adds no ECC to 
the uncompressed packet, and outputs the packet as it 
is. 

[0260] In this construction, when the quality of 
transmission data Is relatively stable, the effective trans- 
mission rate is Increased by transmitting the uncom- 
pressed packet as it is. On the other hand, when the 
quality of transmission data is unstable, the number of 
packets to be discarded at the receiving end due to a 
restoration error is reduced by adding an ECC to the 
uncompressed packet. 

[Embodiment 4] 

[0261] Figures 16 and 17 are block diagrams for 
explaining a data transmission method according to a 
fourth embodiment of the present invention. Figure 16 
illustrates a data transmission apparatus 104 in a data 
transmission system which employs the data transmis- 
sion method. This fourth embodiment corresponds to 
Claims 1 , 2, 1 6-21 , 32, 33, 36 and 37. 
[0262] The data transmission apparatus 104 
includes, Instead of the error notification reception unit 
14 according to the first embodiment, a retransmission 
request notification reception unit 14d which receives a 
request signal for retransmission of an uncompressed 
packet (retransmission request signal Nr) from the 
receiving end, and outputs a retransmission request 
reception signal Sr. Further, the constructions of the 
packet fomnation unit 12 and the compression/uncom- 



pression decision unit 13 are altered so that uncom- 
pressed packets are formed according to the 
retransmission request reception signal Sr. 
[0263] To be specific, in this data transmission 

5 apparatus 104, the compression/uncompression deci- 
sion unit 13d outputs a packet decision signal Jp indi- 
cating the type of a packet to be fonned next by the 
packet formation unit 12d, to the packet formation unit 
12d. When the decision unit 13d receives the retrans- 

10 mission request reception signal Sr, it outputs. Instead 
of the packet decision signal Jp, a re-form instruction 
signal Sc which instructs the fomnation unit 12d to re- 
form the uncompressed packet for which retransmission 
is requested. 

15 [0264] Further, the packet formation unit 1 2d fomns 
either an uncompressed packet or a compressed 
packet on the basis of the packet decision signal Jp. On 
receipt of the re-form instruction signal Sc, the fomnation 
unit 12d re-forms the uncompressed packet which has 

20 been fonned most-recently, on the basis of the identifier 
(ID) and the reference data (D) stored in the reference 
information management unit 15. The retransmission 
request signal Nr, the retransmission request reception 
signal Sr, and the re-form instruction signal Sc include 

25 the Identifier (ID) which specifies the uncompressed 
packet to be retransmitted. 

[0265] Other constituents of the data transmission 
apparatus 104 are identical to those of the data trans- 
mission apparatus 101 of the first embodiment. 
30 [0266] Rgure 17 shows a data reception apparatus 
204 in the data transmission system of this fourth 
embodiment 

[0267] The data reception apparatus 204 includes, 
in addition to the constituents of the data reception 

35 apparatus 201 of the first embodiment, a restoration 
wait data storage unit 42 which temporarily stores a 
compressed packet that is decided as a restoration 
error packet Pre, amongst the received compressed 
packets. Further, the error notification transmission unit 

40 24 and the packet restoration unit 23 according to the 
first embodiment are altered so that the compressed 
packet which is decided as a restoration error packet 
Pre is subjected to restoration on the basis of the refer- 
ence data of the retransmitted uncompressed packet. 

45 [0268] That is, the data reception apparatus 204 
includes, instead of the error notification transmission 
unit 24 of the first embodiment, a retransmission 
request transmission unit 24d which outputs, to the 
transmitting end, a signal for requesting retransmission 

50 of an uncompressed packet which Is a reference packet 
required for restoration of the restoration error packet 
(retransmission request signal), on the basis of an error 
signal Sre which is output when a restoration error 
occurs. 

55 [0269] Further, when the receiving-end reference 
information lm2 (identifier (ID) and reference data (D)) 
which is required for restoration of the received packet is 
not stored in the reference information management 
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unit 25, the packet restoration unit 23d decides that the 
received connpressed packet is a restoration error 
packet, and outputs an enror signal Sre to the retrans- 
mission request transmission unit 24d. The error signal 
Sre includes the identifier (ID) which specifies the 
uncompressed packet to be retransmitted. 
[0270] In this data reception apparatus 204, the 
compressed packet which is decided as a restoration 
error packet Pre Is subjected to restoration on the basis 
of the identifier (ID) and the transmission data (D) of the 
retransmitted uncompressed packet. 
[0271] Other constituents of the data reception 
apparatus 204 are identical to those of the data recep- 
tion apparatus 201 according to the first embodiment. 
[0272] Next, the function and effect will be 
described. 

[0273] In the data transmission system according to 
the fourth embodiment when a restoration error occurs 
In the compressed packet Pb, the uncompressed packet 
is retransmitted from the transmitting end. in response 
to the retransmission request signal Nrfrom the receiv- 
ing end. 

[0274] That is, at the receiving end. In the packet 
restoration unit 23d, when it is decided that the com- 
pressed packet Is a restoration error packet because 
the identifier (ID) and the reference data (D), which are 
the receiving-end reference information Im2 required for 
restoration of the compressed packet Pb, are not stored 
in the reference information management unit 25, this 
compressed packet Pre Is output from the restoration 
unit 23d and input to the restoration wait data storage 
unit 42, wherein the compressed packet Pre is tempo- 
rarily stored. At this time, an error signal Sre including 
the reference packet identifier (ID) of the restoration 
error packet Pre is output to the retransmission request 
transmission unit 24d. Then, the retransmission request 
transmission unit 24d transmits a retransmission 
request signal Nr including the reference packet identi- 
fier (ID) to the transmitting end. 

[0275] In the data transmission apparatus 104, 
when the retransmission request signal Nr Including the 
reference packet Identifier (ID) is received by the recep- 
tion unit 14d, the reception unit 14d outputs a retrans- 
mission request reception signal Sr to the decision unit 
13d, and the decision unit 13 outputs a signal Sc 
instructing formation of the uncompressed packet spec- 
ified by the reference packet identifier (re-form instruc- 
tion signal) to the packet formation unit 12d. In the 
packet formation unit 12d, the uncompressed packet 
required for restoration of the restoration error packet is 
re-formed on the basis of the identifier (ID) and the ref- 
erence data (D) as the transmission-end reference 
information Iml stored in the reference information 
management unit 15, and the uncompressed packet so 
formed is transmitted to the receiving end through the 
packet transmission unit 16. 

[0276] At the receiving end, when the retransmitted 
uncompressed packet is received by the packet recep- 



tion unit 21, it is supplied to the packet restoration unit 
23d through the error packet detection unit 22. In the 
packet restoration unit 23d, the Identifier (ID) and the 
transmission data (D) are taken from the retransmitted 

5 uncompressed packet, and the difference data (A D) of 
the compressed packet stored in the restoration wait 
data storage unit 42 is restored on the basis of the Iden- 
tifier (ID) and the transmission data (D). 
[0277] On the other hand, the Identifier (ID) and the 

TO transmission data (D) are supplied to the reference 
information management unit 25, whereby the identifier 
(ID) and the reference data (D) as the receiving-end ref- 
erence information Im2 are updated, 
[0278] As described above, according to the fourth 

15 embodiment, when a restoration error occurs In a com- 
pressed packet, the transmitting end retransmits an 
uncompressed packet which Is required for restoration 
of the compressed packet, according to a retransmis- 
sion request signal Nr from the receiving end. There- 
to fore, even when the received compressed packet is 
decided as a restoration error packet because the 
receiving-end reference information (identifier (ID) and 
reference data (D)) required for restoration of the com- 
pressed packet is absent at the receiving end, the resto- 

25 ration error packet can be normally restored after 
completing retransmission of the uncompressed packet. 
Thereby, the number of received packets to be dis- 
carded due to the restoration error of the compressed 
packet is reduced, and the quality of data transmitted by 

30 radio is improved. 

[0279] While in this fourth embodiment the identifier 
(ID) and the transmission data (D) included in the 
uncompressed packet are stored In the reference Infor- 
mation management unit 15, the uncompressed packet 

35 itself may be stored in the management unit 15. 

[0280] In this case, when performing retransmis- 
sion of the uncompressed packet, the process of fomn- 
ing the uncompressed packet by the packet formation 
unit 12d can be dispensed with. 

40 [0281] Further, In this fourth embodiment, the 
uncompressed packet itself is retransmitted according 
to the retransmission request from the receiving end. 
However, on receipt of the request, only a part of the 
uncompressed packet including the identifier (ID) and 

45 the transmission data (D) may be retransmitted after 
storing them in a predetermined packet for retransmis- 
sion. 

[0282] Also In this case, the received compressed 
packet which is decided as a restoration error packet 

50 can be restored after transmission of the packet for 
retransmission, whereby the number of received pack- 
ets to be discarded due to the restoration error of the 
compressed packet is reduced, and the quality of data 
transmitted by radio is improved. 

55 [0283] Further, while in the first to fourth embodi- 
ments difference data (first difference data) between 
transmission data of an uncompressed packet and 
transmission data of a compressed packet is stored as 
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compressed data in the compressed packet, the com- 
pressed data to be stored in the compressed packet 
may be switched between the first difference data and 
another difference data (second difference data) 
according to the transmission status of packets. 
[0284] As an example of the second difference 
data, there is difference data defined in the literature by 
V.Jacobson which is described in the section of BACK- 
GROUND OF THE INVENTION, that is, difference data 
between the transmission data of the compressed 
packet and the transmission data of the packet which 
has been formed immediately before the compressed 
packet (refer to figure 31 ). 

[0285] Hereinafter, a description will be given of the 
case where the data transmission method in which the 
compressed data to be stored in the compressed 
packet is switched between the first difference data and 
the second difference data according to the transmis- 
sion status of packets, is applied to the data transmis- 
sion system according to the first embodiment, with 
reference to figures 2 and 3. 

[0286] In this case, the error notification reception 
unit 14 in the data reception unit 101 is constructed so 
as to calculate the frequency (z) of receiving the resto- 
ration error signal Ne In a unit time. Further, the com- 
pressed/uncompressed packet formation unit 12 is 
constructed so as to receive a signal indicating the 
reception frequency (z) calculated by the error notifica- 
tion reception unit 14. When the reception frequency (z) 
exceeds a predetermined reference value Y, the first dif- 
ference data is formed as the compressed data to be 
stored in the compressed packet. On the other hand, 
when the reception frequency (z) is smaller than the ref- 
erence value Y, the second difference data is formed as 
the compressed data. 

[0287] The operation in this case will be described 
briefly. 

[0288] Initially, when an error occurs during the 
process of restoring the compressed data included in 
the compressed packet at the receiving end, the receiv- 
ing end notifies the transmitting end of this en-or. At the 
transmitting end, when the frequency of error notifica- 
tion from the receiving end exceeds a predetermined 
value, the transmitting end requests the receiving end to 
change the restoration process to that using the first dif- 
ference data and, thereafter, the transmitting end per- 
forms the compression process using the first difference 
data. On the other hand, when the frequency of error 
notification becomes equal to or smaller than the prede- 
termined value, the transmitting end requests the 
receiving end to change the restoration process to that 
using the second difference data and, thereafter, the 
transmitting end performs the compression process 
using the second difference data. Then, the receiving 
end performs restoration according to the compression 
process at the transmitting end. 

[0289] In this case, an identifier indicating that the 
compressed data is the first difference data or the sec- 



ond difference data may be included in the compressed 
packet Pb. 

[0290] The method of switching the compressed 
data Id to be stored in the compressed packet Pb 

5 between the first difference data and the second differ- 
ence data, provides the following effects. 
[0291] Usually, a difference in data, such as the 
above-mentioned transmission data (video or audio 
data) or the header data, between two adjacent packets 

10 is very small or 0 in many cases, but a difference in such 
data between distant packets tends to be large. There- 
fore, by switching the compressed data between the first 
difference data and the second difference data, the 
quality of data transmitted by radio is improved and, fur- 

15 ther, the average of difference data is reduced, that is, 
the compression efficiency of data stored in the data 
section is improved. 

[0292] While in the above-described method the 
decision about that either the first difference data or the 

20 second difference data is to be used is made at the 
transmitting end, this decision may be made according 
to an instruction from the receiving end. 
[0293] In this case, switching between the first dif- 
ference data and the second difference data may be 

25 performed based on the number of transmission errors 
per unit time. 

[0294] In this case, the number of transmission 
errors per unit time (incidence of transmission en-or) is 
obtained by the error packet detection unit 22 in the data 
30 reception apparatus, and the error notification unit 24 
notifies the transmitting end of the Incidence of trans- 
mission error. 

[0295] Further, switching between the first differ- 
ence data and the second difference data may be per- 
35 formed according to the frequency of restoration errors 
at the receiving end. 

[0296] In this case, the frequency (z) of restoration 
en-ors per unit time is obtained in the packet restoration 
unit 23 at the receiving end. and this frequency (z) is 

40 compared with a predetermined reference value Y. 
Then, the error notification unit 24 notifies the transmit- 
ting end of the result of the comparison. At the transmit- 
ting end, according to the result of the comparison, 
either the first difference data or the second difference 

45 data is used as the compressed data. 

[0297] The operation in this case will be described 
briefly 

[0298] At the receiving end, when the frequency of 
errors in the process of restoring the compressed data 

50 included in the compressed packet exceeds a predeter- 
mined value, the receiving end requests the transmitting 
end to change the compression process at the transmit- 
ting end to that using the first difference data. When the 
frequency of errors becomes equal to or smaller than 

55 the predetermined value, the receiving end requests the 
transmitting end to change the compression process to 
that using the second difference data. 
[0299] Then, the transmitting end performs com- 
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pression using the difference data according to the 
request from the receiving end, and the receiving end 
performs restoration according to the compression 
process using the difference data requested to the 
transmitting end. 

[Embodiment 5] 

[0300] Rgures 1 8 to 27 are diagrams for explaining 
a data transmission method according to a fifth embod- 
iment of the invention, and a data transmission system 
using the data transmission method. This fifth embodi- 
ment corresponds to Claims 22-31 , 34, 35, 38-40. 
[0301] The data transmission system of this fifth 
embodiment is a system for transmitting data in paclcet 
units from the transmitting end to the receiving end. At 
the transmitting end, when fomning a uncompressed 
packet containing data to be transmitted (transmission 
data) and a compressed packet containing compressed 
transmission data, the transmission data is compressed 
by using transmission data (reference data) corre- 
sponding to the uncompressed packet and a specific 
compressed packet. At the receiving end, the com- 
pressed transmission data is restored using the refer- 
ence data. 

[0302] Figures 18(a) and 18(b) are diagrams illus- 
trating data structures (formats) of an uncompressed 
packet Pg and a compressed packet Ph used in the 
data transmission system, respectively. 
[0303] With reference to figure 18(a), the uncom- 
pressed packet Pg is composed of a header section 
Hpg containing header information, and a data section 
Dpg containing uncompressed data Irto be transmitted 
by PPP (Point to Point Protocol). The information stored 
in the header section Hpg is composed of a compres- 
sion/uncompression identifier Ihl indicating whether the 
data Ir stored in the data section Dpg is compressed or 
not, a packet identifier (ID) for identifying this uncom- 
pressed packet, and other header information Ih3- The 
uncompressed data Ir is transmission data (D) to be 
transmitted by the uncompressed packet 
[0304] With reference to figure 18(b), the com- 
pressed packet Ph is composed of a header section 
Hph containing header infomnation, and a data section 
Dph containing compressed data Id to be transmitted by 
PPP. The information stored in the header section Hph 
is composed of a compression/uncompression identifier 
Ihl indicating whether the data Id in the data section 
Dph is compressed or not, a reference packet identifier 
(ID) Ih2b indicating a reference packet which is needed 
for restoration of the compressed data Id, a reference 
data updation flag Ih5 indicating whether reference data 
used for the restoration is to be updated or not, and 
other header information Ih3. 

[0305] In an ordinary compressed packet Ph, the 
reference data updation flag Ih5 is set at ■Off" indicating 
that the reference data is not to be updated. In a specific 
compressed packet Ph, the updation flag IhS is set at 



"On" indicating that the reference data it to be updated. 
The compressed data Id is difference data (AD) 
between transmission data (D) of a most-recent uncom- 
pressed packet or a most-recent specific compressed 
5 packet which has been transmitted previously to the 
compressed packet Pb to be transmitted, and transmis- 
sion data (D) of the compressed packet Pb to be trans- 
mitted. 

[0306] The header Information IhS Includes a CRC 

10 code lore shown in figure 27(e). 

[0307] Figure 19 is a block diagram illustrating a 
data transmission apparatus 105 in the data transmis- 
sion system according to the fifth embodiment. 
[0308] The data transmission apparatus 105 

15 includes a reception unit 11, a compressed/uncom- 
pressed packet formation unit 126, and a packet trans- 
mission unit 16, like the data transmission apparatus 
101 of the first embodiment. The reception unit 11 
receives a first transmission signal SI including trans- 

20 mission data (D), and outputs a reception signal Src. 
The packet formation unit 12e receives the reception 
signal Src, and packetizes the transmission data (D) 
according to a control signal, thereby fomning an 
uncompressed packet Pg or a compressed packet Ph. 

25 The packet transmission unit 16 transmits the packet 
formed by the formation unit 12e, as a second transmis- 
sion signal S2, to the receiving end. 
[0309] Further, the data transmission apparatus 
105 includes an error notification reception unit 14 and 

30 a compression/uncompression decision unit 13, like the 
data transmission apparatus 101. The error notification 
reception unit 14 receives a restoration error signal Ne 
from the receiving end, and outputs an error notification 
reception signal Sn. The decision unit 1 3 stores the type 

35 of each packet formed by the packet formation unit 12e, 
decides the type of a packet to be formed next on the 
basis of the stored packet type and the error notification 
reception signal Sn, and outputs a packet decision sig- 
nal Jp as a control signal to the packet fomnatlon unit 

40 I2e. In the packet formation unit 12e, either an uncom- 
pressed packet Pg or a compressed packet Ph is 
fomied according to the packet decision signal Jp. 
[0310] Further, the data transmission apparatus 
105 includes a reference information updation decision 

45 unit 17. This decision unit 17 stores the transmission 
history of compressed packets whfch have been trans- 
mitted to the receiving end, and decides as to whether 
the reference data is to be updated or not when forming 
a compressed packet, on the basis of the compres- 

50 si on/un compression identifier Ihl and the reference 
data updation flag IhS which are supplied from the 
packet formation unit 1 2e. Every time the packet forma- 
tion unit 12e forms n packets (e.g, three packets), the 
decision unit 17 outputs, as the above -described control 

55 signal, a reference data updation signal Jr instructing 
updation of the reference data, to the packet formation 
unit 12e. When the updation signal Jr is input to the 
packet formation unit 12e, "On" indicating that the refer- 
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ence data is to be updated is stored as the reference 
data updation flag Ih5 in the header section Hph of the 
connpressed packet Ph, whereby a specific compressed 
packet is formed. On the other hand, when no updation 
signal Jr is input to the packet formation unit 12e, "Off 
indicating that the reference data is not to be updated is 
stored as the updation flag Ih5 in the header section 
Hph of the compressed packet Ph, whereby an ordinary 
compressed packet is formed. 

[0311] Further, the data transmission apparatus 
105 includes a reference information management unit 
15e. This management unit 15e associates transmis- 
sion data (D) to be referred to when forming com- 
pressed data corresponding to each compressed 
packet with a reference packet identifier (ID) indicating a 
reference packet corresponding to the transmission 
data (D), and manages them as transmitting -end refer- 
ence information Im1 (reference data (D) and identifier 
(ID)), in this management unit 15e, when an uncom- 
pressed packet or a specific compressed packet includ- 
ing the reference data updation flag "On" IhS is fomned, 
the reference data (D) and the identifier (ID) as the 
transmitting-end reference infomiation tm1 are updated 
according to a transmitting-end management control 
signal Cm1 supplied from the packet formation unit 12e. 
[0312] Rgure 20 is a block diagram for explaining a 
data reception apparatus 205 in the data transmission 
system of this fifth embodiment. 

[031 3] The data reception apparatus 205 includes a 
packet reception unit 21, an error packet detection unit 
22, a packet restoration unit 23e, and an output unit 26, 
like the data reception apparatus 201 of the first embod- 
iment. The packet reception unit 21 receives the packet 
which has been transmitted from the transmitting end as 
the second transmission signal S2, and outputs the 
received packet Rp. The error packet detection unit 22 
receives the packet Rp, detects an en-or packet, and 
outputs a normal packet Pno which has been normally 
transmitted. The packet restoration unit 23e receives 
the normal packet Pno from the detection unit 22, and 
restores the uncompressed data or compressed data 
stored in the packet. The output unit 26 outputs the 
restored data Irs (transmission data (D)) as an output 
signal S3. 

[0314] The data reception unit 205 includes a refer- 
ence information management unit 25e. This manage- 
ment unit 25e associates transmission data (D) to be 
referred to when restoring compressed data corre- 
sponding to each compressed packet with a reference 
packet identifier (ID) indicating a reference packet corre- 
sponding to the transmission data (D), and manages 
them as receiving-end reference information Im2 (refer- 
ence data (D) and identifier (ID)). In this management 
unit 25e, when the uncompressed packet or the specific 
packet including the reference data updation flag "On" 
IhS is restored, the reference data (D) and the identifier 
(ID) as the receiving-end reference information Im2 are 
updated according to a receiving-end management 



control signal Cm2 supplied from the packet formation 
unit 23e. 

[0315] Further, in the packet restoration unit 23e, 
when performing restoration on the compressed packet 

5 Ph, it is decided whether the reference packet identifier 
(ID) and the corresponding reference data (D) which are 
stored in the compressed packet Ph are stored in the 
reference infonnation management unit 25e or not. 
According to the result of this decision, an enror signal 

10 Se which indicates that a restoration error occurs in the 
compressed packet, is output. 

[0316] Further, the data reception unit 205 includes 
an error notification transmission unit 24 which receives 
the en-or signal Se from the packet restoration unit 23e, 
15 and notifies the transmitting end that the restoration 
en^or has occurred at the transmitting end, by using a 
restoration error notification signal Ne. 
[0317] Next, the function and effect will be 
described. 

20 [0318] Rgures 21 and 22 are diagrams for explain- 
ing the data transmission method according to the fifth 
embodiment Figure 21 shows the flow of plural packets 
from the transmitting end to the receiving end in the nor- 
mal transmission state, and figure 22 shows the flow of 

25 plural packets from the transmitting end to the receiving 
end in the state where a transmission error occurs. 
[0319] Transmission data (D1)~(D11) are data 
which are packetized for packet-by-packet transmission. 
In this fifth embodiment, the transmission data (D1) is 

30 not compressed and is transmitted by an uncom- 
pressed packet Pg(1). The transmission data 
(D2)~(D1 1) are compressed and sequentially transmit- 
ted by compressed packets Ph(2)-Ph(1 1) which follow 
the uncompressed packet Pg(1), respectively. 

35 [0320] At the transmitting end, initially, the uncom- 
. pressed packet Pg(1) is formed and transmitted to the 
receiving end. At this time, the transmission data (D1 ) is 
stored as uncompressed data Ir in the data section Dpg 
of the uncompressed packet Pg{1). Further, an identifier 

40 Ihl indicating "uncompressed", a packet identifier 
(ID=0) Ih2a for identifying this packet, and other header 
information Ih3 are stored in the header section Hpg of 
this packet Pg(1). 

[0321 ] Thereafter, the compressed packets 
45 Ph(2)-'Ph(1 1) are successively fomned and transmitted 
to the receiving end. 

[0322] When fomning these compressed packets, 
an identifier Ihl indicating "compressed", a reference 
packet identifier (1D=0) Ih2b, a reference data updation 

50 flag Ih5, and other header information Ih3 are stored in 
the header section Hph of each of the compressed 
packets Ph(2)-Ph(5). Further, difference data (D1-D2), 
difference data (D1-D3), difference data (D1-D4), and 
difference data (D1-D5) are stored in the data sections 

55 Dph of the compressed packets Ph(2)-Ph(5), respec- 
tively. 

[0323] In this fifth embodiment, the reference data 
is updated every time three packets are transmitted. 
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Therefore, in the compressed packets Ph(2)-Ph(4), the 
value of the reference data updation flag Ih5 in the 
header section Hph is "Off" indicating that the reference 
data is not to be updated. On the other hand, in the 
connpressed packet Ph(5), the value of the flag Ih5 is 
■On*' indicating that the reference data is to be updated. 
That is, after transmission of the compressed packet 
Ph(5), the reference packet identifier is updated to 
(ID=1) which indicates the compressed packet Ph(5), 
and the reference data is updated to the transmission 
data (D5) corresponding to the reference packet identi- 
fier Ph(5). 

[0324] Accordingly, an identifier Ih1 indicating 
"compressed", a reference packet identifier (ID=1) lh2b, 
a reference data updation flag Ih5, and other header 
infomriation Ih3 are stored in the header section Hph of 
each of the four compressed packets Ph(6)-Ph(9) 
which follow the compressed packet Ph{5). Further, dif- 
ference data (D5-D6), difference data (D5-D7), refer- 
ence data (D5-D8), and difference data {D5-D9) are 
stored in the data sections Dph of the compressed 
packets Ph(6)^Ph(9). 

[0325] In the compressed packets Ph(6)-Ph(8), the 
value of the updation flag Ih5 in the header section Hph 
is "OfT Indicating that the reference data is not to be 
updated. On the other hand, in the compressed packet 
Ph(9), the value of the flag lh5 is "On" indicating that the 
reference data is to be updated. That is, after transmis- 
sion of the compressed packet Ph(9), the reference 
packet identifier is updated to (ID=2) indicating the com- 
pressed packet Ph{9), and the reference data is 
updated to the transmission data (D9) corresponding to 
the reference packet identifier Ph(9). 
[0326] Accordingly, an identifier Ihl indicating 
"compressed", a reference packet identifier (ID=2), a 
reference data updation flag Ih5, and other header infor- 
mation IhS are stored in the header section Hph of each 
of the compressed packets Ph(10) and Ph(11). Further, 
difference data (D9-D10) and difference data (D9-D11) 
are stored in the data Sections Dph of the compressed 
packets Ph(10) and Ph{1 1), respectively. 
[0327] In the compressed packets Ph(10) and 
Ph(1 1 ), the value of the reference data updation flag Ih5 
in the header section Hph is "OfT indicating that the ref- 
erence data is not to be updated. 
[0328] The uncompressed packet Pg(1 ) and the fol- 
lowing compressed packets Ph(2)--Ph(1 1), which have 
been transmitted from the transmitting end, are sequen- 
tially received at the receiving end in the normal data 
transmission state, and the transmission data 
(D1)-{D1 1) con-esponding to the respective packets are 
restored. 

[0329] To be specific, the difference data (D1-D2), 
(D1-D3). (D1-D4), and (D1-D5) of the packets Ph(2), 
Ph(3), Ph(4), and Ph(5) are restored with reference to 
the transmission data (D1) of the uncompressed packet 
Pg(1) which is identified by the identifier {ID=0). 
[0330] Further, difference data (D5-D6), (D5-D7). 



{D5-D8), and (D5-D9) of the packets Ph(6), Ph(7), 
Ph(8), and Ph(9) are restored with reference to the 
transmission data (D5) of the compressed packet Ph(5) 
which is identified by the identifier (ID=1). 
5 [0331] Further, the difference data (D9-D10) and 
(D9-D11) of the packets Ph(1 0) and Ph(11) are restored 
with reference to the transmission data (D9) of the com- 
pressed packet Ph(9) which is identified by the identifier 
(ID=2). 

10 [0332] Turning to figure 22, it is assumed that a 
transmission error occurs in the compressed packet 
Ph(10) during the above-described packet-by-packet 
transmission. In this case, when the compressed packet 
Ph{11) is received, restoration of the difference data 

15 (D9-D11) stored in this compressed packet Ph(11) is 
performed in the same way as in the case where no 
transmission error has occurred in the compressed 
packet Ph(10). 

[0333] That is, also in this fifth embodiment, as in 
20 the first embodiment, when perfomning restoration of 
the difference data (A D) stored in each compressed 
packet Ph, the reference data to be used for this resto- 
ration is not the transmission data of a packet immedi- 
ately before the compressed packet to be processed but 
25 the transmission data of an uncompressed packet 
which has been transmitted first or immediately after 
occurrence of a restoration error, and the transmission 
data of a specific packet which has been transmitted 
every time a predetermined number of packets was 
30 transmitted. 

[0334] Therefore, in this fifth embodiment, even 
when a transmission error occurs in a compressed 
packet other than the specific compressed packet, this 
transmission error does not affect restoration of the sub- 
as sequent compressed packets which have been received 
normally. In this case, only the en'or packet is discarded 
at the receiving end, and no restoration error notification 
is sent from the receiving end to the transmitting end. 
[0335] When a transmission error occurs in the 
40 uncompressed packet Pg(1 ) or the specific compressed 
packet during the packet-by-packet data transmission, a 
restoration error notification is sent to the transmitting 
end in the same procedure as described with respect to 
figure 32. Immediately after the restoration error notifl- 
45 cation is received by the transmitting end, an uncom- 
pressed packet is transmitted from the transmitting end 
and, thereafter, the ordinar/ compressed packet and 
the specific compressed packet are repeatedly transmit- 
ted. At the receiving end, the error packet and the sub- 
50 sequent compressed packets are discarded. 

[0336] Hereinafter, the operation of the data trans- 
mission apparatus 105 will be described. 
[0337] For example, when continuous transmission 
data (D1)~(D11) which have been transmitted from a 
55 provider by a transmission method such as the Ethernet 
(refer to figures 21 and 22) are input to the data trans- 
mission apparatus 105 as a first transmission signal SI, 
the reception unit 1 1 receives these transmission data 
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(D1)-(D11) by the transmission method. These trans- 
mission data are sequentially output to the com- 
pressed/uncompressed packet formation unit 12e, as 
received data Src. 

[0338] In the packet formation unit 12e, packets for 
transmitting the respective transmission data to the 
receiving end are fomned on the basis of a transmission 
protocol such as PPR At this time, any of an uncom- 
pressed packet, an ordinary compressed packet, and a 
specific compressed packet is formed in accordance 
with a packet decision signal Jp from the compres- 
^ sion/uncompression decision unit 13, and a reference 
data updation signal Jr from the updation decision unit 
17. The uncompressed packet Pg and the compressed 
packets Ph so formed are sequentially transmitted to 
the packet transmission unit 16, and the packet trans- 
mission unit 16 transmits them as a second transmis- 
sion signal S2 to the receiving end. 
[0339] To be specific, when communication is 
started or when an en-or notification reception signal Sn 
is supplied from the error notification reception unit 14 to 
the decision unit 13, the decision unit 13 instructs the 
packet formation unit 12e to form an uncompressed 
packet, by the packet decision signal Jp. In cases other 
than described above, the decision unit 13 instructs the 
formation unit 12e to form a compressed packet. 
[0340] In the case where the formation unit 12e is 
instructed to form a compressed packet, the formation 
unit 12e forms a specific compressed packet as the 
compressed packet when the reference data updation 
signal Jr indicates updation of the transmitting-end ref- 
erence information 1ml, and it forms an ordinary com- 
pressed packet when the signal Jr does not indicate 
updation of the reference infomiation Iml. 
[0341] In the compression/uncompression decision 
unit 13, it is decided that either an uncompressed 
packet or a compressed packet is to be formed next, on 
the basis of the compression/uncompression identifiers 
Ihl of the respective packets which have been fornied, 
and the error notification reception signal Sn. Then, a 
packet decision signal Jp indicating the type of the 
packet to be fomned is output. To be specific, immedi- 
ately after starting communication, a packet decision 
signal Jp indicating that an uncompressed packet is to 
be formed is output, and when an en-or notification 
reception signal Sn is input, a packet decision signal Jp 
indicating that a compressed packet is to be formed is 
output. 

[0342] In the packet formation unit 1 2e, formation of 
an uncompressed packet Pg is performed in the same 
manner as described for the first embodiment. Further, 
a compressed packet Ph is formed on the basis of the 
transmitting-end reference information Iml (i.e., identi- 
fier (ID) and reference data (D)) which is stored in the 
reference information management unit 15e. At this 
time, in the header section Hph of the ordinary com- 
pressed packet Ph, the reference data updation flag lh5 
that is set at "Off" is stored together with the compres- 



sion/uncompression identifier Ih1, the reference packet 
identifier lh2b, and the other header information Ih3. In 
the header section Hph of the specific compressed 
packet, the updation flag lh5 that is set at "On" is stored 
5 together with the compression/uncompression identifier 
Ihl, the reference packet identifier lh2b, and the other 
header infomnation lh3. In the data sections of these 
compressed packets, the difference data (AD) based on 
the reference data managed by the reference informa- 
70 tion management unit 1 5e are stored. 

[0343] Further, when the uncompressed packet Pg 
or the compressed packet Ph is fomned, in the reference 
infonnation management unit 1 5e, the identifier (ID) and 
the con-esponding reference data (D) as the transmit- 
15 ting-end reference infonnation 1ml are updated to the 
reference packet identifier (D) for identifying the packet 
Ph or Ph and the con-espondlng transmission data (D), 
on the basis of a transmitting-end updation control sig- 
nal Cml supplied from the packet formation unit 12e. 
20 [0344] Further, in the reference infonnation upda- 
tion decision unit 17, the number of the ordinary com- 
pressed packets which have been transmitted after 
transmission of the uncompressed packet or the spe- 
cific compression packet is counted on the basis of the 
25 compression/uncompression identifiers Ihl of the 
respective packets, and the reference data updation 
flags IhS of the compressed packets. When the count 
reaches a predetermined value (in this case, 3), a refer- 
ence data updation signal Jr is output, and the count is 
30 reset. When the count is smaller than the predeter- 
mined value, no reference data updation signal Jr is out- 
put. 

[0345] The process steps perfomied by the packet 
fonnation unit 12e will be described hereinafter, with ref- 

35 erence to a flowchart shown in figure 23. 

[0346] When the transmission data received by the 
reception unit 1 1 is input to the packet formation unit 
1 2e (step Scl ), the packet formation unit 1 2e inquires of 
the decision unit 13 about the type of a packet to be 

40 formed next, i.e., either an uncompressed packed or a 
compressed packet (step Sc2), and the type of a packet 
to be formed is decided on the basis of the packet deci- 
sion signal Jp from the decision unit 13 (step Sc3). 
[0347] Based on the result of the decision, when an 

45 uncompressed packet is to be formed, an identifier (ID) 
for identifying this uncompressed packet is given to this 
packet as a packet identifier Ih2a, and an uncom- 
pressed packet Pg including the packet identifier (ID) is 
formed (step Sell). Thereafter, the identifier (ID) and 

50 the corresponding reference data (D), which are stored 
as the transmitting-end reference infomnation Iml in the 
management unit 15e, are updated according to an 
instruction from the packet formation unit 1 2e (transmit- 
ting-end management control signal Cm1) (step Scl 2). 

55 [0348] On the other hand, when a compressed 
packet is to be fomned, the packet formation unit 12e 
inquires of the reference information management unit 
15e about the identifier (ID) and the reference data (D) 
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which are stored as the transmitting-encl reference infor- 
mation Iml in the management unit 15 (step Sc4). 
Then, the data section Dph of a compressed packet is 
formed on the basis of the identifier (ID) and the refer- 
ence data (D) obtained by the inquiry (step Sc5). 
[0349] Thereafter, the packet formation unit 12e 
inquires of the decision unit 17 as to whether the trans- 
mitting-end reference information Im1 is to be updated 
or not (step Sc6), and it is decided whether the infomna- 
tion Iml is to be updated or not on the basis of the ref- 
erence data updation signal Jrfrom the decision unit 17 
(step Sc7). 

[0350] When the transmitting-end reference infor- 
mation iml is to be updated, the identifier (ID) and the 
reference data (D) stored in the reference information 
management unit 15e are updated according to an 
instruction from the packet fomnation unit 12e (step 
Sc8), and a specific compressed packet Ph is formed 
(step Sc9). 

[0351] On the other hand, when the transmitting- 
end reference information Iml is not to be updated, an 
ordinary compressed packet is formed (step Scl 0). 
[0352] Then, those packets formed as described 
above are transmitted to the transmission unit 16 (step 
Scl 3). 

[0353] Thereafter, the packet formation unit 12e 
returns to the process of step Sc2. The above-men- 
tioned process steps are repeated until the last packet 
is transmitted. 

[0354] Next, a description will be given of the oper- 
ation of the data reception apparatus 205 when plural 
packets are sequentially transmitted as shown in figures 
21 and 22. 

[0355] In the packet reception unit 21, the packets 
Pg(1) and Ph(2) -Ph(11) which have been transmitted 
from the transmitting end are sequentially received, and 
the received packets are input to the error packet detec- 
tion unit 22. In the enror packet detection unit 22, when 
it is confirmed that the received packets have been nor- 
mally transmitted, these packets are output to the 
packet restoration unit 23e as normal packets Pno. 
However, when it is not confirmed that the received 
packets have been nomnally transmitted, the received 
packets are discarded as error packets. Although this 
fifth embodiment employs CRC (Cyclic Redundancy 
Check) as an error detection method, the error detec- 
tion method is not restricted thereto. 
[0356] In the packet restoration unit 23e, it is 
decided whether the normal packet Pno (normally- 
received packet) is a compressed packet or an uncom- 
pressed packet, according to the compression/uncom- 
pression identifier Ihl included in the header section of 
the normal packet Pno. 

[0357] For example, when the normally- received 
packet Pno supplied to the restoration unit 23e is the 
uncompressed packet Pg(1), the restoration unit 23e 
restores this uncompressed packet Pg(1) by taking the 
transmission data (01) from the data section Dpg. 



[0358] Next, in the management unit 25e, the iden- 
tifier (ID) and the reference data (D) which are stored as 
the receiving-end reference information Im2 are 
updated according to the receiving-end management 

5 control signal Cm. Thereby, the identifier (ID) and the 
reference data (D) stored in the management unit 25e 
are updated to the identifier (ID=0) and the transmission 
data (01), respectively. Thereafter, the restoration unit 
23e outputs the trar^mission data (D1) as restored data 

TO to the output unit 26, and the output unit 26 outputs the 
transmission data (D1). 

[0359] On the other hand, when the packet supplied 
to the restoration unit 23 e is the specific compressed 
packet Ph(5), the restoration unit 23e inquires of the ref- 

15 erence information management unit 25e as to whether 
the reference packet identifier (ID=0) and the corre- 
sponding reference data (D1) which are included in this 
compressed packet are stored in the management unit 
25e or not. When the identifier (ID=0) and the data (D1) 

20 are stored in the management unit 25e, the restoration 
unit 23e restores the transmission data (D5) of this 
packet by using the reference data (D1) and the differ- 
ence data (D1-D5). 

[0360] When either the reference packet identifier 

25 (ID=0) or the corresponding reference data (D1) Is not 
stored in the management unit 25e, the received com- 
pressed packet is discarded as an error packet, and an 
en-or signal Se indicating occun-ence of a restoration 
error is output to the error notification transmission unit 

30 24. On receipt of the error signal Se, the error notifica- 
tion transmission unit 24 sends a restoration error notifi- 
cation signal Ne to the transmitting end. 
[0361] Further, in the restoration unit 23e, the refer- 
ence data updation flag Ih5 of the header section Hph is 

35 checked. When this flag Ih5 indicates that the receiving- 
end reference information Im2 is to be updated, a 
receiving-end updation control signal Cm2 is output to 
the reference information management unit 25e. In the 
management unit 25e, according to the control signal 

40 Cm2, the stored identifier (ID) and the corresponding 
reference data (D) are updated to, for example, the ref- 
erence packet identifier (ID=1) and the reference data 
(D5). Thereafter, the transmission data (D5) restored in 
the restoration unit 23e is output to the output unit 26, 

45 and the output unit 26 outputs the transmission data 
(D5) as a signal S3. 

[0362] When the packet inputted to the restoration 
unit 23e is an ordinary compressed packet, the proc- 
esses to be performed in the restoration unit 23e and 
50 the reference information management unit 25e are 
identical to those described for the first embodiment, 
except the process of checking the reference data 
updation flag Ih5. 

[0363] Hereinafter, the process performed by the 
55 packet restoration unit 23e will be described with refer- 
ence to a flowchart shown in figure 24. 
[0364] When the normally-received packet Pno is 
supplied from the error packet detection unit 22 to the 
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packet restoration unit 23e (step Sd1), it is decided 
whether the nomialty-received packet Pno is an uncom- 
pressed packet or a connpressed packet (step Sd2). 
[0365] When the nonnally-received packet Pno is 
an uncompressed packet, the uncompressed packet is 
restored, i.e., the transmission data (D) is taken from the 
data section Dpg of this packet Pg (step Sd12). Then, 
according to an instruction from the packet restoration 
unit 23e, the identifier (ID) and the reference data (D) 
which are stored as the receiving-end reference infor- 
mation Im2 in the management unit 25e are updated to 
the packet identifier of the uncompressed packet and 
the corresponding transmission data, respectively (step 
Sd1 3). The transmission data taken from the data sec- 
tion of the uncompressed packet is sent to the output 
unit 26 (step Sd9). 

[0366] When the normally-received packet is a 
compressed packet, the packet restoration unit 23e 
inquires of the reference information management unit 
25e as to whether the reference packet identifier (ID) 
Ih2b and the corresponding reference data (D) which 
are included in the compressed packet are stored in the 
management unit 25e or not (step Sd3), and it is 
decided whether the identifier (ID) and the data (D) are 
stored in the management unit 25e or not (step Sd4). 
[0367] When the reference packet identifier (ID) 
Ih2b and the corresponding reference data (D) are not 
stored in the management unit 25e, the normally- 
received packet is discarded as an error packet (step 
Sdl 0), and an error signal Se is output to the error noti- 
fication transmission unit 24 (step Sd11). Thereafter, 
the packet restoration unit 23 e returns to the process of 
step Sd2. 

[0368] On the other hand, when the reference 
packet Identifier (ID) Ih2b and the corresponding refer- 
ence data (D) are stored in the management unit 25e, 
the difference data of the compressed packet is 
restored to the transmission data on the basis of the ref- 
erence data (step Sd5). 

[0369] Next, it is detected whether or not the refer- 
ence data updation flag Ih5 stored in the compressed 
packet indicates that the reference infomriation is to be 
updated (step Sd6). When the flag Ih5 indicates that the 
reference infomnation is to be updated, the identifier (ID) 
and the reference data (D) which are stored as the 
receiving-end reference information Im2 in the manage- 
ment unit 25e are updated (step Sd8). Thereafter, the 
transmission data is output to the output unit 26 (step 
Sd9). When the flag Ih5 does not indicate that the refer- 
ence information is to be updated, the transmission data 
is output to the output unit 25 without updating the 
receiving-end reference information Im2 (step Sd9). 
[0370] Thereafter, the packet restoration unit 23e 
returns to the process of step Sd2. The above- 
described process steps are repeated until the last 
packet is received. 

[0371] As described above, according to the data 
transmission method of the fifth embodiment, when per- 



forming packet-by-packet data transmission by using 
uncompressed packets in which uncompressed trans- 
mission data are stored, and compressed packets in 
which compressed transmission data are stored, the 

5 transmission data of each compressed packet is com- 
pressed by using, as reference data, the transmission 
data of an uncompressed packet or a specific com- 
pressed packet which has been transmitted previously 
to the compressed packet. Therefore, so long as the 

10 uncompressed packet or the specific compressed 
packet is normally transmitted, even when a transmis- 
sion error occurs in some compressed packet, differ- 
ence data of the compressed packets which have been 
normally transmitted after the error packet can be 

75 restored by using the transmission data of the uncom- 
pressed packet or the specific compressed packet. 
Therefore, the number of the compressed packets to be 
discarded due to the transmission error is significantly 
reduced. As the result, the quality of data transmitted in 

20 the radio section is improved. In other words, the effec- 
tive rate of data transmission is increased, and the time 
and cost required for transmission of unrestorable pack- 
ets are significantly reduced. 

[0372] While in this fifth embodiment, the timing for 
25 updating the transmitting-end or receiving-end refer- 
ence information (i.e., to transmit one specific com- 
pressed packet every time three compressed packet are 
transmitted) is decided at the transmitting end, the spe- 
cific compressed packet may be transmitted every time 
30 a predetermined period (n sec.) has passed, or when 
the size of the difference data stored in the compressed 
packet exceeds a predetermined threshold. 
[0373] Further, the specific compressed packet 
may be transmitted when the transmitting end receives 
35 a request for updating the reference data from the 
receiving end, or when the size of difference data (or the 
average of difference data) exceeds a predetermined 
threshold. 

[0374] For example, the transmitting end transmits 
40 the specific compressed packet when it receives a 
request for transmission of the specific compressed 
packet from the receiving end. 

[0375] Further, the transmitting end transmits the 
specific compressed packet when the size of com- 
45 pressed data included in the compressed packet to be 
transmitted to the receiving end exceeds a predeter- 
mined value. 

[0376] Furthermore, the transmitting end transmits 
the specific compressed packet when the average of 
50 sizes of compressed data included in the compressed 
packets to be transmitted to the receiving end exceeds 
a predetermined value. 

[0377] The method of deciding the timing to update 
the transmitting-end or receiving-end reference informa- 
55 tion may be a combination of the above-described 
methods. 

[0378] The following effects are achieved by decid- 
ing the reference data updation timing as described 
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above. 

[0379] Usually, a difference in video data, audio 
data, or header information between two adjacent pack- 
ets is very small or 0 in many cases, but a difference in 
such data between distant packets tends to be large. 
Therefore, by periodically transmitting an uncom- 
pressed packet, the quality of data transmitted by radio 
is improved, and the average of difference data is 
reduced, that Is, the compression efficiency of the data 
section is improved. 

(Modification of Embodiment 5) 

[0380] While in the fifth embodiment the com- 
pressed data to be stored in the data section Dph of the 
compressed packet Ph is the difference data (AD) 
between the whole transmission data of the com- 
pressed packet and the whole transmission data of the 
uncompressed packet Pg, the compressed data to be 
stored may be obtained by compressing a part of the 
transmission data of the compressed packet Ph. 
[0381] That is, the transmission data is separated 
into a plurality of compression target data correspond- 
ing to different items to be compressed, and non-target 
data which is not to be compressed. In the data section 
Dph of the compressed packet Ph, difference data 
between the compression target data of the transmis- 
sion data corresponding to the uncompressed packet 
and the compression target data of the transmission 
data con-esponding to the compressed packet is stored 
as item-basis compressed data, and the non-target data 
of the transmission data con^esponding to the com- 
pressed packet is also stored in the data section Dph. 
[0382] Figure 25(a) shows the data structure of an 
uncompressed packet Pi which is used when transmis- 
sion data is composed of compression target data (data 
to be compressed) and non-target data (data not to be 
compressed). 

[0383] The uncompressed packet Pi is composed 
of a header section Hpi containing header information, 
and a data section Dpi containing transmission data (D) 
to be transmitted by PPP, as uncompressed data Ir. The 
header section Hpi is composed of a compres- 
sion/uncompression identifier Ihl indicating whether the 
data in the data section is compressed or not, a packet 
identifier (ID) Ih2a for identifying this uncompressed 
packet, and other header information Ih3. The uncom- 
pressed data Ir is composed of four pieces of item-basis 
target data Ira, Irb, Ire, and Ird con-esponding to four 
items to be compressed, and non-target data Inc which 
is not to be compressed. In figure 25(a), item-basis 
transmission data (Da), (Db), (Dc), and (Dd) are stored 
as the item-basis compression target data (item-basis 
uncompressed data) Ira, Irb, Ire, and Ird. 
[0384] Figure 25(b) shows the data structure of a 
compressed packet Pj which is used when transmission 
data is composed of compression target data and non- 
target data. 



[0385] The compressed packet Pj is composed of a 
header section Hpj containing header information, and 
a data section Dpj containing partially-compressed data 
(AD) to be transmitted by PPP. The header section Hpj 

5 is composed of a compression/uncompression identifier 
Ihl, a reference packet identifier (ID) Ih2b, a reference 
data updation flag Ih5, and difference data existence 
flag IhS, and other header information Ih3. The differ- 
ence data existence flag Ih6 indicates whether com- 

10 pressed item-basis target data which is not "0" is 
included in the compressed packet or not. 
[0386] The data section Dpj includes four pieces of 
item-basis compressed data Ida, Idb, tdc, and Idd corre- 
sponding to four target items to be compressed, and 

15 non-target data Inc which is not compressed. The com- 
pressed data Ida is a difference (item-basis difference 
data (ADa)) between the Item-basis transmission data 
(Da) of the transmission data corresponding to the 
uncompressed packet and the item-basis transmission 

20 data (Da) of the transmission data corresponding to the 
compressed packet The compressed data Idb is a dif- 
ference (item-basis difference data (ADb)) between the 
item-basis transmission data (Db) of the transmission 
data corresponding to the uncompressed packet and 

25 the item-basis transmission data (Db) of the transmis- 
sion data corresponding to the compressed packet. The 
compressed data Idc is a difference (item-basis differ- 
ence data (ADc)) between the item-basis transmission 
data (Dc) of the transmission data corresponding to the 

30 uncompressed packet and the item-basis transmission 
data (Dc) of the transmission data corresponding to the 
compressed packet The compressed data Idd is a dif- 
ference (item-basis difference data (ADd)) between the 
item-basis transmission data (Dd) of the transmission 

35 data corresponding to the uncompressed packet and 
the item-basis transmission data (Dd) of the transmis- 
sion data corresponding to the compressed packet 
[0387] In this case, in the data transmission appara- 
tus 105, the reference information management unit 

40 15e tables the reference packet identifier (ID), the data 
indicating each target Item to be compressed, and the 
reference compressed data corresponding to each tar- 
get item (item-basis reference data), and stores them as 
transmitting-end reference information Iml. 

45 [0388] Likewise, in the data reception apparatus 
205, the reference information management unit 25 e 
tables the reference packet identifier (ID), the data indi- 
cating each target item to be compressed, and the ref- 
erence compressed data corresponding to each target 

50 item (item-basis reference data), and stores them as 
receiving-end reference information Im2. 
[0389] Figure 25(c) shows the process of fomning a 
compressed packet Pj(Y) by compressing transmission 
data D(Y). 

55 [0390] In this case, in the reference information 
management unit 15e, a reference packet identifier 
(ID=X ) and item-basis reference data (Da(X)), (Db(X)), 
(Dc(X)), and (Dd(X)) are stored as the transmitting-end 
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reference information Im1 . 

[0391] Further, the respective item-basis difference 
data (ADa), (ADb), (ADc), and (ADd) are differences 
between the respective item-basis reference data 
(Da(X)), (Db(X)). {Dc(X)), and {Dd(X)) as the transmit- 
ting-end reference information Iml and the correspond- 
ing item-basis transmission data (Da(Y)). (Db(Y)), 
(Dc(Y)), and (Dd(Y)) in the transmission data (D(Y)), as 
represented by the following fomnulae (1) to (4). 



ADa=Da(X)-Da(Y)=0 
ADb=Db(X)-Db(Y);tO 
ADc=Dc(X)-Dc(Y):^0 
ADd=Dd(X)-Dd(Y)=0 



(1) 
(2) 
(3) 
(4) 



[0392] Since the values of the item-basis difference 
data (ADb) and (ADc) are not 0 while the values ot the 
item-basis difference data (ADa) and (ADd) are 0, the 
difference data existence flag Ih6 in the header section 
Hj of the compressed pacl^et Pj(Y) is set at "On" indicat- 
ing that there are item-basis difference data which are 
not 0 amongst the plural item-basis difference data, and 
only the item-basis difference data (ADb) and (ADc) are 
stored in the data section Dj of the compressed packet 
P](Y). 

[0393] Rgure 26 shows a part of the compressed 
pacl<et Pj(Y). 

[0394] Further, each item-basis difference data 
includes, as common infomnation (fonnat), a following 
difference data existence flag and a reference data type 
flag. The value of the following difference data existence 
flag lco1 in the compressed data Idb (item-basis differ- 
ence data (A Db)) is set at "On" indicating that another 
item-basis difference data is stored after this item-basis 
difference data (ADb) in the data section Dp], and the 
value of the reference data type flag lco2 in the com- 
pressed data Idb indicates that the item-basis transmis- 
sion data (Db) should be referred to when restoring the 
item-basis difference data (A Db). Further, the value of 
the following difference data existence flag lco1 in the 
compressed data Idc (item-basis difference data (ADd)) 
is set at "Off" indicating that no compressed data follows 
this item-basis difference data (ADd) in the data section 
Dpi, and the value of the reference data type flag lco2 in 
the compressed data Idc indicates that the item-basis 
transmission data (Dc) should be referred to when 
restoring the compressed data Idc. 
[0395] Since each item-basis difference data 
includes the following difference data existence flag 
lco1 and the reference data type flag lco2, only the 
item-basis difference data whose data quantity is not 0 
can be included as components of the difference data in 
the data section of the compressed packet. 
[0396] Therefore, the transmission data can be 
compressed for each component of the transmission 



data (data corresponding to each target item to be com- 
pressed), whereby the storage area (e.g., a RAM) of the 
transmitting-end reference information management 
unit 15e or the receiving-end reference infomnation 
5 management unit 25e can be reduced while maintaining 
the compression efficiency. 

[0397] Further, in the item-basis difference data Idc, 
as peculiar infomnation (format) different from the com- 
mon information (the following difference data existence 
10 flag and the reference data type flag), difference data 
length infomnation lumi and a compression method 
type flag Inu2 are stored. 

[0398] The difference data length infomnation lun1 
shows the data size of the item-basis difference data 
75 Idc, and the compression method type flag Inu2 is used 
for specifying a method for restoring the item-basis dif- 
ference data Idc from plural restoration methods. 
[0399] Since the difference data length infomnation 
Iun1 is included in the item-basis difference data (ADc), 
20 when the item-basis difference data (ADc) is relatively 
small, the data size can be reduced, whereby the com- 
pression efficiency is further improved. 
[0400] Further, the compression method type flag 
Iun2 comprises, for example, 2-bit data, and the com- 
25 pression efficiency is further improved by predetermin- 
ing compression methods accorcling to the values. 
[0401] For example, when the value of the com- 
pression method type flag lun2 is "00", the item-basis 
difference data is a difference (ADn) from the reference 
30 data. When the value is "01", the item-basis difference 
data is (ADn/2). When the value is "10", the item-basis 
difference data is (ADn/8). When the value is "1 1", the 
item-basis difference data is (ADn/64). 
[0402] Figures 27(a)-27(c) are diagrams for 
35 explaining specific data to be stored in the uncom- 
pressed packet Pi and the compressed packet PJ. Fig- 
ure 27(a) shows data to be transmitted (transmission 
data) by these packets, and figure 27(b) shows trans- 
mission data in the uncompressed packet and differ- 
40 ence data in the compressed packet. Here, 
transmission of RTP data is taken as an example. 
[0403] The above-described transmission data cor- 
responds to an IP packet (RTP/UDP/IP data) Plpb 
shown in figure 29(d), and the transmission data com- 
45 prises data con^esponding to first to fourth compression 
target items K1 to K4. The data con-esponding to the 
first and second target items K1 and K2 (compression 
target data Ira and Irb shown in figure 25(a)) are an RTP 
packet's sequence number (SN) and a time stamp (ST), 
50 respectively. The data con-esponding to the third target 
item K3 (compression target data Ire shown in figure 
25(a)) is an IP packet's identifier (ID), and the data cor- 
responding to the fourth target item K4 (compression 
target data Ird shown in figure 25(a)) is an UDP port 
55 number. The specific data corresponding to the respec- 
tive target items in the respective transmission data 
(D1)-(D5) are shown in No.1~No.5 on the table of fig- 
ure 27(a). 
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[0404] When the RTP/UDP/IP data are actually 
transmitted as the transmission data (D1) to (D5), the 
transmission data are stored in PPP packets (uncom- 
pressed packet and compressed packet) according to 
PPP (Point to Point Protocol), and the PPP packets are 
transmitted from the data transmission apparatus 1 05 to 
the data reception apparatus 205. 
[0405] At this time, the compression target data Ira, 
Irb, Ire, and Ird of the transmission data (D1) are stored 
without being compressed, in the data section Dpi of the 
uncompressed packet Pi(1). Further, in the header sec- 
tion Hpi of this packet Pi(1), a compression/uncompres- 
sion identifier Ihl (1 bit), packet identifiers (ID) Ih2a and 
Ih2b (5 bits), and other header infomnation Ih3 (not 
shown in figure 27(b)) are stored. 
[0406] Further, in the data sections Dpj of the com- 
pressed packets Pj(2) and PJ(3), the item-basis com- 
pression target data (item-basis uncompressed data) 
Ira, Irb, Ire, and Ird corresponding to the respective tar- 
get items of the transmission data (D2) and (03) are 
compressed and stored as item -basis compressed data 
Ida, Idb, Idc, and idd. The item-basis compressed data 
Ida corresponding to the sequence numbers (SN) of the 
compressed packets Pj(2) and Pj(3) are 8-bit difference 
data T and "2", respectively. The item-basis com- 
pressed data Idb corresponding to the time stamps (ST) 
of the compressed packets Pj(2) and Pj(3) are 1 6-bit dif- 
ference data "50" and "100", respectively. The item- 
basis compressed data Idc corresponding to the IP 
packet identifiers (ID) of the compressed packets Pj(2) 
and Pj(3) are 8-bit compressed transmission data "1" 
and "2", respectively. Further, the item -basis com- 
pressed data Idd corresponding to the UDP port num- 
bers of the compressed packets Pj(2) and Pj(3) are 0 
bit, respectively. 

[0407] Further, in the header section HpJ of each of 
the compressed packets Pj(2) and Pj{3), a 1-bit com- 
pression/uneompression identifier Ih1, a 5-bit reference 
packet identifier (ID) ih2b, a 1-bit reference data upda- 
tion flag Ih5, a 1-bit difference data existence flag Ih6, 
and other header information Ih3 (not shown in figure 
27(b)) are stored. 

[0408] In the data structure shown in figures 26 and 
27(a)-27(c), the reference data type flag lco2, the differ- 
ence data length information luni , and the compression 
method type flag Iun2 are included in the difference 
data (ADn). However, these data may be added to the 
header sections Hpi, Hpj or the data sections Dpi, Dpj 
when the reference data is updated, i.e., when the 
uncompressed packet Pi is formed or when the specific 
compressed packet Pj (compressed packet having the 
reference data updation flag "On") is fomned. 
[0409] In this case, the transmitting -end reference 
information management unit 15e and the receiving- 
end reference information management unit 25e are 
constructed so as to manage the difference data length 
information Iun1 and the compressed method type flag 
Iun2 for each item-basis reference data, whereby, at the 
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receiving end, restoration of compressed packets can 
be perfomned on the basis of the information lumi and 
the flag Iun2. 

[0410] In this case, the compression efficiency is 

5 further improved because it is not necessary to add the 
difference data length information luni and the com- 
pression method type flag Iun2 in the item-basis differ- 
ence data (ADn) of the compressed packet every time 
the compressed packet Is transmitted. 

10 [0411] The above-described method of adding the 
reference data updation flag lco2, the difference data 
length information Iun1, and the compression method 
type flag Iun2 to the header section or the data section 
of the uncompressed packet or the specific compressed 

15 packet when the item-basis reference data is updated, 
is especially effective in the case where the compres- 
sion method for transmission data changes at regular 
intervals among a plurality of complicated compression 
methods, and higher compression efficiency is 

20 expected. 

[0412] While in this fifth embodiment a data trans- 
mission method using uncompressed packets, specific 
compressed packets, and ordinary compressed packets 
is described for packet-by -packet data transmission, 

25 data transmission may be performed by switching the 
method between the method of this fifth embodiment 
and another data transmission method, according to the 
transmission status of packets. 

[0413] In this case, as the second data transmis- 
30 si on method, any of the data transmission method 
according to the first to fourth embodiments or the data 
transmission method using the VJacobson's header 
compression method (refer to figure 31) may be 
employed. 

35 

Claims 

1. A data transmission method for sequentially trans- 
mitting data in units of packets each containing 
40 transmission data, from the transmitting end to the 
receiving end, said method comprising: 

a transmission-side process of transmitting an 
uncompressed packet in which predetermined 

45 transmission data is stored as uncompressed 

data, and then continuously transmitting a 
compressed packet in which at least a portion 
of transmission data following the predeter- 
mined transmission data is compressed and 

50 Stored as compressed data; 

a reception-side process of receiving the pack- 
ets transmitted from the transmitting end, and 
restoring the transmission data of the respec- 
tive packets on the basis of the uncompressed 

55 data and the compressed data stored in the 

respective packets; 

said transmission-side process Including a 
compression process of fonming compressed 
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data to be stored in a compressed packet to be 
transmitted, on the basis of the transmission 
data of a reference packet that is the uncom- 
pressed packet and the transmission data of 
the compressed packet to be transmitted; and 
said reception -side process including a resto- 
ration process of restoring the transmission 
data of a compressed packet to be restored, on 
the basis of the transmission data of the refer- 
ence packet and the compressed data included 
in the compressed packet to be restored. 

2. The data transmission method of Claim 1 wherein: 

in said transmission -side process, as said 
uncompressed packet, a packet including the 
uncompressed data and a packet identifier 
indicating this packet is transmitted, and as the 
compressed packet that follows the uncom- 
pressed packet, a packet including the com- 
pressed data and a reference packet identifier 
indicating the uncompressed packet as a refer- 
ence packet is transmitted; and 
in said compression process, as said com- 
pressed data, difference data between the 
transmission data of the reference packet and 
the transmission data of the compressed 
packet is formed. 



4. The data transmission method of Claim 3 wherein 
said additional information is a sequence number 
which indicates how many packets have been 
transmitted before the compressed packet, after 
transmission of the uncompressed packet. 



pressed packet are used as reference packets, 
and difference data between the transmission 
data of each reference packet and the trans- 
mission data of the compressed packet is 
associated with the reference packet identifier 
corresponding to each reference packet, and 
plural sets of associated difference data and 
reference packet identifiers are stored in the 
compressed packet as the compressed data; 
and 

in the reception-side process, the transmission 
data of the compressed packet is restored 
using any set of different data and packet iden- 
tifier stored in the compressed packet. 

7. The data transmission method of Claim 1 wherein, 
in the transmission-side process, said uncom- 
pressed packet is transmitted at regular intervals. 



20 8. The data transmission method of Claim 1 wherein, 
in the transmission-side process, said uncom- 
pressed packet is transmitted when the size of the 
compressed data included in the compressed 
packet to be transmitted to the receiving end 

25 exceeds a predetermined value. 

9. The data transmission method of Claim 1 wherein: 



10 



15 



The data transmission method of Claim 2 wherein: 30 



in said transmission-side process, additional 
information for calculating the difference data 
on the basis of the transmission data of the ref- 
erence packet is stored; and 
in the reception-side process, the difference 
data in the compressed packet is calculated 
from the transmission data of the reference 
packet, on the basis of the additional informa- 
tion stored in the compressed packet 
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in the reception -side process, a request for 
transmission of the uncompressed packet is 
output to the transmitting end when the size of 
the compressed data included in the com- 
pressed packet supplied from the transmitting 
end exceeds a predetermined value; and 
in the transmission-side process, on receipt of 
the request from the receiving end, the uncom- 
pressed packet is transmitted to the receiving 
end. 



40 10. The data transmission method of Claim 1 wherein, 
in the transmission-side process, the uncom- 
pressed packet containing the same transmission 
data is continuously transmitted by a predeter- 
mined number of times to the receiving end. 



45 



11. The data transmission method of Claim 1 0 wherein: 



5. The data transmission method of Claim 3 wherein 
said additional information is a variable of a calcula- 
tion formula for calculating the difference data of the 
compressed packet from the transmission data of 
the reference packet 

6. The data transmission method of Claim 2 wherein: 

in the transmission-side process, a plurality of 
uncompressed packets which have been 
formed so as to be transmitted prior to the com- 



in the reception-side process, when a restora- 
tion error of the compressed data stored in the 

50 compressed packet is detected, this restoration 

error is notified to the transmitting end; and 
in the transmission-side process, the number 
of times that the uncompressed packet is trans- 
mitted to the receiving end is changed on the 

55 basis of the frequency of notification of restora- 

tion error from the receiving end. 

12. The data transmission method of Claim 1 wherein. 
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1 6. The data transmission method of Claim 1 wherein: 

in the transmission-side process, only the 
uncompressed packet is stored as data to be 
retransmitted in a buffer for retransmission; 
in the reception-side process, when a transmis- 
sion error of the uncompressed packet is 
detected, a request for retransmission of the 
uncompressed packet as the error packet is 
output to the transmitting end; and 
in the transmission-side process, on receipt of 
the request for retransmission, the uncom- 
pressed packet corresponding to the error 



10 



in the transmission-side process, after transmission 
of the uncompressed packet, an auxiliary transmis- 
sion packet including the packet identifier and the 
transmission data stored in the uncompressed 
packet is transmitted by a predetermined number of 
times to the receiving end. 

13. The data transmission method of Claim 1 wherein: 

in the transmission-side process, the uncom- 
pressed packet, to which an error correction 
code is added, is transmitted to the receiving 
end; and 

in the reception-side process, the uncom- 
pressed packet is subjected to error connection 
according to the error correction code. 

14. The data transmission method of Claim 2 wherein: 

in the transmission-side process, error con*ec- 
tion codes are added to the packet identifier 
and the transmission data which are stored in 
the uncompressed packet; and 
in the reception-side process, the packet iden- 
tifier and the transmission data included In the 
uncompressed packet are subjected to error 
correction according to the error correction 
codes. 



15. The data transmission method of Claim 1 wherein: 3o 



in the reception-side process, when a restora- 
tion error of the compressed data stored in the 
compressed packet is detected, this restoration 
error is notified to the transmitting end; and 
in the transmission-side process, according to 
the frequency of notification of restoration error 
from the receiving end, one of the following two 
processes is performed: a process of transmit- 
ting the uncompressed packet after attaching 
an error correction code to this packet, and a 
process of transmitting the uncompressed 
packet without attaching an error correction 
code to this packet. 
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packet is retransmitted to the receiving end 
only when the uncompressed packet is stored 
in the buffer. 

17. The data transmission method of Claim 2 wherein: 

in the transmission-side process, the packet 
identifier and the transmission data which are 
included In the uncompressed packet are 
stored as data to be retransmitted in a buffer for 
retransmission; 

in the reception -side process, when a transmis- 
sion error of the uncompressed packet is 
detected, a request for retransmission of the 
packet identifier and the transmission data 
stored in the uncompressed packet as the error 
packet Is output to the transmitting end; and 
in the transmission-side process, on receipt of 
the request for retransmission, the packet iden- 
tifier and the transmission data stored in the 
uncompressed packet as the error packet are 
retransmitted to the receiving end only when 
these are stored in the buffer. 

18. A data transmission method for sequentially trans- 
mitting data in units of packets each containing 
transmission data, from the transmitting end to the 
receiving end, said method comprising a first data 
transmission process and a second data transmis- 
sion process, 

said first data transmission process including: 

a transmission-side process of transmitting 
an uncompressed packet in which prede- 
tennined transmission data is stored as 
uncompressed data, and then continu- 
ously transmitting a compressed packet in 
which at least a portion of transmission 
data following the predetermined transmis- 
sion data is compressed and stored as 
compressed data; 

a reception -side process of receiving the 
packets transmitted from the transmitting 
end, and restoring the transmission data of 
the respective packets on the basis of the 
uncompressed data and the compressed 
data stored in the respective packets; 
said transmission-side process including a 
compression process of forming com- 
pressed data to be stored in a compressed 
packet to be transmitted, on the basis of 
the transmission data of a reference 
packet that is the uncompressed packet, 
and the transmission data of the com- 
pressed packet to be transmitted; and 
said reception-side process including a 
restoration process of restoring the trans- 
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mission data of a compressed packet to be 
restored, on the basis of the transmission 
data of the reference packet, and the com- 
pressed data included in the compressed 
packet to be restored; and 

said second data transmission process for 
forming, at the transmitting end, compressed 
data to be stored in the compressed packet by 
a formation method different from the com- 
pressed data formation method employed in 
the first data transmission process, and restor- 
ing, at the receiving end, the compressed data 
stored in the compressed packet by a restora- 
tion method different from the compressed 
data restoration method employed in the first 
data transmission process; 
wherein, when transmitting the transmission 
data in packet units, the data transmission 
process is switched between the first process 
and the second process according to whether 
or not a restoration error occurs in the com- 
pressed packet at the receiving end. 

19- The data transmission method of Claim 18, wherein 
said second data transmission process includes: 

as a transmission-side process, a compression 
process of forming compressed data to be 
stored in a compressed packet to be transmit- 
ted, on the basis of the transmission data of a 
previous packet which has been transmitted 
immediately before the compressed packet, 
and the transmission data of the compressed 
packet to be transmitted; and 
as a reception-side process, a restoration proc- 
ess of restoring the compressed data included 
in a compressed packet to be restored, by 
using the transmission data of the previous 
packet. 

20, The data transmission method of Claim 1 9 wherein: 

at the receiving end, when an error occurs in 
the restoration process of restoring the com- 
pressed data included in the compressed 
packet, the receiving end notifies the transmit- 
ting end of this error; 

at the transmitting end, when the frequency of 
error notification exceeds a predetermined 
value, the transmitting end requests the receiv- 
ing end to change the restoration process at 
the receiving end to the restoration process in 
the first data transmission process and, there- 
after, the transmitting end performs the com- 
pression process in the first data transmission 
process; and 

on the other hand, when the frequency of error 



notification becomes equal to or smaller than 
the predetermined value, the transmitting end 
requests the receiving end to change the resto- 
ration process at the receiving end to the resto- 
5 ration process in the second transmission 

process and, thereafter, the transmitting end 
performs the compression process in the sec- 
ond data transmission process. 

10 21. The data transmission method of Claim 19 wherein: 

at the receiving end, when the frequency of 
error which occurs in the restoration process of 
restoring the compressed data included in the 

15 compressed packet exceeds a predetermined 

value, the receiving end requests the transmit- 
ting end to change the compression process at 
the transmitting end to the compression proc- 
ess in the first data transmission process; 

20 on the other hand, when the frequency of error 

in the restoration process becomes equal to or 
lower than the predetermined value, the receiv- 
ing end requests the transmitting end to 
change the compression process at the trans- 

25 mitting end to the compression process in the 

second data transmission process; and 
the transmitting end performs either the com- 
pression process in the first data transmission 
process or the compression process in the sec- 

30 end data transmission process, according to 

the request from the receiving end. 

22. A data transmission method for sequentially trans- 
mitting data in units of packets each containing 
35 transmission data, from the transmitting end to the 
receiving end, said method comprising: 



a transmission-side process of transmitting an 
uncompressed packet in which predetermined 
transmission data is stored as uncompressed 
data, and then continuously transmitting a 
compressed packet in which at least a portion 
of transmission data following the predeter- 
mined transmission data is compressed and 
stored as compressed data; and 
a reception-side process of receiving the pack- 
ets from the transmitting end, and restoring the 
transmission data of the respective packets on 
the basis of the uncompressed data and the 
compressed data stored in the respective 
packets; 

said transmission-side process including: 
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a compression process of forming com- 
pressed data to be stored in a compressed 
packet to be transmitted, on the basis of 
updation information relating to a packet 
which has been transmitted prior to the 
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compressed packet and the transmission 
data of the compressed packet to be trans- 
mitted, and 

a transmission-side updation process of 
setting information relating to the uncom- 
pressed packet as an Initial value of the 
updation information, and updating the 
updation information to information relating 
to a specific compressed packet every time 
the specific compressed packet is formed; 
and 

said reception-side process including; 



10 



passed. 

25. The data transmission method of Claim 22 wherein, 
in the transmission-side process, the specific com- 
pressed packet is transmitted to the receiving end 
every time a predetermined number of compressed 
packets have been transmitted. 

26. The data transmission method of Claim 22 wherein, 
in the transmission-side process, the specific com- 
pressed packet is transmitted to the receiving end 
when transmission of the specific compressed 
packet is requested from the receiving end. 



a restoration process of restoring the is 
transmission data of a compressed packet 
to be restored by using updation informa- 
tion relating to a packet which has been 
received prior to the compressed packet, 
and 20 
a reception-side updation process of set- 
ting information relating to the uncom- 
pressed packet as an initial value of the 
updation information and, thereafter, 
updating the updation information to infor- 25 
mation relating to the specific compressed 
packet every time the transmission data of 
the specific compressed packet is 
restored.. 

30 

23. The data transmission method of Claim 22 wherein: 

said updation information is composed of a ref- 
erence packet identifier which indicates, as a 
reference packet, either the uncompressed 35 
packet or the specific compressed packet, and 
the transmission data corresponding to the ref- 
erence packet; 

said compressed packet includes a reference 
packet identifier which indicate, as a reference 40 
packet, either the uncompressed packet or the 
specific compressed packet, and an informa- 
tion updation flag indicating whether the upda- 
tion information is to be updated or not; 
the information updation flag included in the 45 
specific compressed packet is set at a value 
indicating that the updation information is to be 
updated; and 

the information updation flags included in com- 
pressed packets other than the specific com- so 
pressed packet are set at a value indicating 
that the updation information is not to be 
updated. 

24. The data transmission method of Claim 22 wherein, 55 
in the transmission-side process, the specific com- 
pressed packet is transmitted to the receiving end 
every time a predetermined period of time has 



27. The data transmission method of Claim 22 wherein, 
in the transmission-side process, the specific com- 
pressed packet is transmitted when the size of the 
compressed data included in the compressed 
packet to be transmitted to the receiving end 
exceeds a predetermined value. 

28. The data transmission method of Claim 22 wherein, 
in the transmission-side process, the specific com- 
pressed packet is transmitted when the average of 
sizes of the compressed data included in the com- 
pressed packets to be transmitted to the receiving 
end exceeds a predetermined value, 

29. The data transmission method of Claim 22 wherein: 

said transmission data includes plural pieces of 
item-basis transmission data corresponding to 
different items; 

said compressed data includes plural pieces of 
item-basis compressed data corresponding dif- 
ferent items; 

the item-basis compressed data corresponding 
to each item in the compressed data included 
in the compressed packet is obtained by com- 
pressing the item-basis compressed data cor- 
responding to each item in the transmission 
data of the compressed packet by using the 
item-basis transmission data corresponding to 
each item in the* transmission data of the 
uncompressed packet or the specific com- 
pressed packet; and 

each of the item -basis compressed data 
includes an item type flag which specifies the 
item corresponding to the compressed data. 

30. The data transmission method of Claim 29 wherein 
each of the item-basis compressed data includes 
data length information indicating the length of the 
compressed data. 

31. The data transmission method of Claim 29 wherein: 

the respective item-basis compressed data are 
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formed using different compression methods; 
and 

each of the item-basis compressed data 
includes a restoration method information 
which indicates a restoration method corre- s 
spending to the compression method. 

32. A data transmission apparatus for sequentially 
transmitting data in units of packets each containing 
transmission data, to the receiving end, comprising: io 



33. A data reception apparatus for receiving data which 
have been transmitted in packet units from the 
transmitting end as a transmission signal, and 
sequentially restoring transmission data of the 
respective packets, comprising: 



the packet restoration unit; and 
said packet restoration unit restoring the trans- 
mission data of the compressed packet, on the 
basis of the compressed data included in the 
compressed packet and the reference informa- 
tion stored in the reference information man- 
agement unit 

34. A data transmission apparatus for sequentially 
transmitting data in units of packets each containing 
transmission data, to the receiving end, comprising: 

a reception unit for receiving the transmission 
data as an input signal; 

a packet formation unit for receiving the trans- 
mission data, and forming an uncompressed 
packet in which predetermined transmission 
data is stored as uncompressed data, and a 
compressed packet in which at least a portion 
of transmission data following the predeter- 
mined transmission data is compressed and 
stored as compressed data; 
an information management unit for managing, 
as updation information, information relating to 
the uncompressed packet and a specific com- 
pressed packet which are formed by the packet 
formation unit; 

a transmission unit for transmitting the packets 
formed by the packet formation unit as a trans- 
mission signal to the receiving end; 
said information management unit being con- 
structed so that it sets information relating to 
the uncompressed packet as an initial value of 
the updation information and. thereafter, 
updates the updation information to the infor- 
mation relating to the specific compressed 
packet every time the specific compressed 
packet is formed; and 

said packet formation unit being constructed so 
that it forms the compressed data to be stored 
in a compressed packet to be formed, on the 
basis of the transmission data of the com- 
pressed packet and the updation information 
stored in the reference information manage- 
ment unit. 

35. A data reception apparatus for receiving data which 
have been transmitted in packet units from the 
transmitting end as a transmission signal, and 
sequentially restoring transmission data of the 
respective packets, comprising: 

a packet reception unit for receiving the trans- 
mission signal, and outputting an uncom- 
pressed packet in which predetermined 
transmission data is stored as uncompressed 
data, and a compressed packet in which at 
least a portion of transmission data following 



a packet reception unit for receiving the trans- 
mission signal, and outputting an uncom- 
pressed packet in which predetermined 45 
transmission data is stored as uncompressed 
data, and a compressed packet in which at 
least a portion of transmission data following 
the predetermined transmission data is com- 
pressed and stored as compressed data; 5o 
a packet restoration unit for receiving the out- 
put from the packet reception unit, and restor- 
ing the respective packets on the basis of the 
data stored in the respective packets, and out- 
putting the transmission data of the respective 55 
packets; 

an output unit for outputting the transmission 
data of the respective packets supplied from 



a reception unit for receiving the transmission 
data as an input signal; 

a packet fomnation unit for receiving the trans- 
mission data received, and forming an uncom- is 
pressed packet in which predetemnined 
transmission data is stored as uncompressed 
data, and a compressed packet in which at 
least a portion of transmission data that follows 
the predetermined transmission data is com- 20 
pressed and stored as compressed data; 
a reference infomnation management unit for 
holding and managing, as reference informa- 
tion, information relating to the uncompressed 
packet fomned by the packet fomnation unit; 25 
a transmission unit for transmitting the respec- 
tive packets fonned by the packet formation 
unit, as a transmission signal, to the receiving 
end; and 

said packet fomnation unit forming compressed 30 
data to be stored in a compressed packet to be 
formed, on the basis of the transmission data of 
the uncompressed packet and the reference 
information stored in the reference information 
management unit. 35 
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the predetermined transmission data is com- 
pressed and stored as compressed data; 
a packet restoration unit for receiving the out- 
put from the packet reception unit, and restor- 
ing the respective packets on the basis of the s 
data stored in the respective packets, and out- 
putting the transmission data of the respective 
packets; 

a reference infomnation management unit for 
storing and managing, as reference informa- io 
tion, information relating to the uncompressed 
packet and the specific compressed packet 
which are restored by the packet restoration 
unit; 

an output unit for outputting the transmission is 
data of the respective packets which are 
restored by the packet restoration unit; 
said information management unit being con- 
structed so that it sets the information relating 
to the uncompressed packet as an initial value 20 
of the updation information and, thereafter, 
updates the updation information to the infor- 
mation relating to the specific compressed 
packet every time the specific compressed 
packet is restored; and 25 
said packet restoration unit being constructed 
so that it restores the transmission data of the 
compressed packet, on the basis of the com- 
pressed data included in the compressed 
packet and the reference information stored in 30 
the reference information management unit. 
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